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by rotary tilling, disking or spike-tooth harrowing. 
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tive eradication of bindweed, Can- 
ada thistle, quack grass, Johnson 
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dium chlorate, borate and monuron 
in powder form. Kills weeds and 
grasses. Combines the proven effec- 
tiveness of chlorate on deep-rooted 
weeds with the soil-surface action of 
monuron on shallow-rooted grasses 
and annual seedling growth. Lasting 
residual effect inhibits new growth. 
Does not create a fire hazard when 
used as directed. Applied dry or as 
a water-mixed spray. 
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In numerous tests throughout the country, for- 
mulations with Crac Mylone soil fumigant have 
given excellent control of weeds, nematodes, and 
soil fungi in forest tree seed beds. Seedlings have 
a better chance to grow without interference from 
these pests. 

When formulated, Mylone is an easy-to-handle 
powder that can be applied to the soil with a fer- 
tilizer spreader or as a drench. Application should 
be made at least three weeks before seeds are 
planted, except tobacco seed. Soil mixing is not 
necessary; no plastic cover is needed over the bed. 

Formulations of Crac Mylone are now com- 
mercially available for use in certain ornamental 
propagating beds, tobacco seed beds, and in to- 
mato, pepper, egg plant, lettuce, and cabbage seed 
beds. It is also sold for weed and dry rot control 
in gladiolus in Florida. Experimental work is 
continuing with other crops. 

Write to the address below for formulations in 
test quantities or more information. Names and 
addresses of commercial formulators are also 
available. 


FORMULATIONS CONTAINING 
MYLONE NOW AVAILABLE 
FOR VEGETABLE SEED BEDS 


A commercial label has 
been accepted for Mylone 
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bage, egg plant, and let- 
tuce seed beds. 
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Oxalate and Mineral Contents of Halogeton Glomeratus' 


Howarp L. Morton,” Ropert H. HaAAs,* and LAMBERT C. ERICKSON* 


Gr acid and oxalates occur in many plants. Consumption of 
plants containing high concentration of oxalates can be poison- 
ous to animals. This has been reported by several investigators (5, 7, 
9). However, in only a few plants are oxalates found in sufficient 
quantities to be lethal. Some species with a relatively high oxalate 
content are: sorrel (Rumex spp.), rhubarb (Rheum spp.), greasewood 
(Sarcobatus vermiculatus Torr.), soursobs (Oxalis cernus Thunb.), 
and halogeton (Halogeton glomeratus C. A. Mey.). 

Early literature makes no reference to the occurrence of oxalate 
in halogeton or of its possible poisonous effects upon animals. Fol- 
lowing severe livestock losses in 1942, investigators at the University 
of Nevada Agricultural Experiment Station found large quantities 
of halogeton in the stomachs of poisoned animals. They (6) later 
found that halogeton contained oxalates equivalent to as high as 19 
percent anhydrous oxalic acid and suggested oxalate as the toxic 
principle in halogeton. Their work showed also that the amount 
of halogeton required to kill a sheep was approximately 166 grams 
per 100 pounds of body weight (4). Studies in Utah (2) determined 
that 12 ounces or 342 grams of halogeton containing 8.7 percent 
soluble oxalates, or about | ounce of the soluble oxalates, were 
required to kill a sheep. This occurred after fasting sheep for 36 
hours and giving the halogeton in a single feeding. However, 18 
ounces of halogeton, equivalent to 1.6 ounces of the soluble oxalates, 
were required to produce lethal effects when the animal had been 
maintained on its usual ration. 

Livestock losses due to halogeton poisoning have generally 
occurred during the fall and early winter, but some losses have 


‘Cooperative investigations of the Idaho Agricultural Experiment Station and 
the Crops Research Division, Agricultural Research Service, U.S. Department of 
Agriculture. Published with the approval of the Director of the Idaho Agricul- 
tural Experiment Station as Research Paper No. 447. 

*Formerly, Assistant Agronomist Junior Grade, Idaho Agricultural Experiment 
Station, Twin Falls, Idaho, now Research Agronomist, Crops Research Division, 
Agricultural Research Service, U.S. Department of Agriculture, College Station, 
Texas. 

*Research Agronomist, Crops Research Division, Agricultural Research Service, 
U.S. Department of Agriculture, Twin Falls, Idaho. 

‘Associate Agronomist, Idaho Agricultural Experiment Station, Moscow, Idaho. 
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occurred during the spring. Historically these losses have been 
sporadic and severe. 

Dye (3) found that the leaf-seed-sepal fraction of the halogeton 
plant contained most of the soluble oxalate (19.53 to 32.81 percent) 
and that the stem fraction contained relatively small amounts (1.59 
to 5.06 percent). He also found that the leaf-seed-sepal fraction col- 
lected in August contained 17.98 percent crude protein, 5.51 percent 
ether extract, 12.67 percent crude fiber, 22.25 percent nitrogen-free 
extract, and 41.59 percent ash; and that the stem fraction contained 
7.83, 0.83, 29.32, 34.48, and 27.54 percent of these constituents, 
respectively. Cook and Stoddart (2) reported that halogeton plants 
contained up to 28 percent soluble oxalates during the early fall 
and decreased to a minimum of 5 percent by early spring, except 
in instances where the plants were covered with snow during the 
winter months. 

Prior to 1950, only meager information was available concerning 
the accumulation and persistence of oxalate in halogeton plants 
throughout the entire year. Information on chemical constituents 
other than oxalates was lacking. No data were available concerning 
the composition of halogeton plants growing on soils in southern 
Idaho, where some of the major livestock losses have occurred. 

The present investigations were initiated in southern Idaho in 
1950 to determine the variations and trends in the chemical compo- 
sition of halogeton as influenced by growth stages, weather con- 
ditions and soil types. Chemical analyses were made on samples 
collected at intervals throughout the year from several locations to 
determine seasonal variations in: (1) water-soluble and total oxalate 
content; (2) rate of oxalate loss under observed weather conditions; 
(3) oxalate and cation contents of plants grown in soils of varying 
soil salinity; and (4) ash content. 


MATERIALS AND METHODS 


Oxalate studies. 

Two types of studies were conducted to determine the quantity of 
oxalates in halogeton and factors influencing concentration and 
persistence. The first was initiated in 1950 and continued as a 
combined study for three successive years. This study was designed 
to determine the oxalate content throughout the entire year, begin- 
ning with the young growth in June and continuing through to 
the following April. Collections were made in three sampling areas 
in the Raft River Valley of southern Idaho. These were progressively 
about 20 miles apart, namely, at the Idahome, Bridge, and Almo 
desert exclosures, all in Cassia County. 

To obtain more detailed information on the influence of environ 
mental site a second study was initiated in 1951. In it the analyses 
from the three sites were calculated and maintained separately. This 
study demonstrated the influence of environment on plant growth 
and subsequent oxalate persistence. 

Typically the plants mature in September but they maintain thei 
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same stiff upright position into the succeeding spring. In this study 
as in all succeeding phases the samples were obtained by severing 
the plants at the soil surface. They were weighed immediately, air 
dried, and stored for further analyses. Oxalate determinations were 
made by the method developed by Miller (6) and described by 
Dye (3). 

A third study to determine influence of precipitation on oxalate 
loss in halogeton was initiated in the fall of 1951. Plants were 
obtained from a localized area near Idahome in mid- September. The 
plants were selected for uniformity of development and size. Twenty 
plants were protected indoors until November 3 when they were 
secured in a firm upright position in wooden flats and placed in 
the fenced weather station exclosure on the University of Idaho 
campus at Moscow. 


Oxalate and cation studies. 


To obtain more detailed information on chemical composition 
two additional studies were conducted. In the first, halogeton sam- 
ples were collected at Bridge during the 1951 growing season. These 
were analyzed for the following constituents: water-soluble and total 
oxalates, and total sodium, potassium, calcium, and magnesium. 

Still more detailed information on environmental influence upon 
chemical composition was derived from a vegetation type study. 
Plants were collected in September 1956 from sites representative 
of the sagebrush (Artemisia tridentata Nutt.), salt sage (Atriplex 
Nuttallii S. Wats.), and perennial Kochia (Kochia vestita S. Wats.) 
vegetational types and subjected to similar analyses. In addition, a 
collection was made from a site denuded of all perennial vegetation. 
Like many small desert sites this area had the perennial vegetation 
so completely removed that it was impossible to determine its origi- 
nal vegetal cover. This area is hereafter designated as the bare site. 

Soil profile samples were taken from each of the mentioned col- 
lection sites. These were analyzed for pH of the soil paste; electrical 
conductivity; total, exchangeable, and water-soluble sodium; and 
for water-soluble potassium, calcium, and magnesium. 

Analyses for total sodium and potassium in the plants were run 
according to flame photometric procedures. Total calcium and mag- 
nesium were determined by analyzing for the oxalate and phosphate 
precipitates of these ions respectively. Cations were determined as 
percent of air-dry plant materials. Soil and plant analyses were con- 
ducted as outlined in Agricultural Handbook No. 60 (8) and the 
Official Methods of Analysis of the Association of Official Agricul- 
tural Chemists (1). 

Three major collections were used for ash determinations: (a) the 
1951-52 collections; (b) plants collected at four stages of growth at 
Bridge, during the 1951 growing season; and (c) plants collected 
from the four vegetation types in September 1956. The ash determin- 
ations were made using a muffle furnace at a dull red heat until the 
samples were burned to a whitish-tan color, All determinations were 
made on air-dry plant materials. 
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RESULTS AND DISCUSSION 


Influence of season and location on oxalate content. 

Data on both the water soluble and the total oxalate contents of 
halogeton plants collected during 1950, 1951, and 1952 are contained 
in Table |. These are expressed as the percentage of air-dry weight 


Table 1. Average percentages of water-soluble and total oxalate content 
(air-dry basis) of halogeton plants collected at the Idahome, Bridge, and 
Almo exclosures during the 1950, 1951, and 1952 growing seasons and in 
the subsequent fall, winter, and spring months. 


Average percent oxalate in halogeton 


Collection Growth stage 1950-51 1951-52 1952-53 3-year average 
month or condition 
Water-| .. Water-| _. Water-) ... Water- 
soluble Total soluble Total soluble Potal soluble Potal 
une Cruciform 19.3 | 21.6 17.9 | 21.2 19.5 20.6 18.9 21.1 
fir Mid-flowering 18.5 20.9 16.6 19.6 17.5 19.1 17.5 19.9 
August Late flowering 16.3 19.1 15.2 17.5 15.5 17.6 15.7 18.1 
September Seed maturation 18.1 | 20.6 | 15.5 | 17.5 | 16.7 | 17.8 | 16.8 | 18.6 
November Dead 14.9 | 20.6 14.9 16.4 16.2 16.5 15.3 17.8 
December Dead 8.9 | 11.9 | 16.7 17.0 15.6 17.4 13.7 15.4 
er Slightly weathered 6.5 9.7 12.6 16.4 9.6 13.1 
‘ebruary Weathered 5.6 9.5 10.2 13.6 7.5 10.4 7.8 11.2 
March Extremely weathered 3.9 8.7 6.5 9.1 5.2 8.9 
April Extremely weathered wal 6.3 7.6 | 10.6 4.8 8.4 


equivalent to anhydrous oxalic acid. The oxalate concentration was 
found to be consistently high throughout the growing season. It was 
usually highest in June, tending to decrease during July and August, 
with a slight increase occurring in September. Thereafter the oxalate 
content decreased progressively into spring. 

As shown in Table 2, the rate of oxalate loss in 1951—52 was dif- 
ferent at each of the three collection sites. Presumably this was due 
to differences in the size and growth habits of the plants and differ- 
ences in the amount and type of precipitation. In these collections 
the plants at Idahome were tall and upright, those at Almo of inter- 
mediate growth, and those at Bridge short and prostrate. The Sep- 
tember collections contained 18.7, 16.4, and 17.4 percent total 
oxalates respectively. By the following April few leaves remained on 
the tall Idahome plants while the short Bridge site plants retained 


Table 2. Average percentage of water-soluble and total oxalate content (air- 
dry basis) of halogeton plants collected at the Idahome, Bridge, and Almo 
exclosures during the fall, winter, and spring months of 1951-1952. 


| Percent oxalate in halogeton 


Collection month Idahome Bridge Almo 
Water- _ Water- : Water- 
soluble Total soluble Potal soluble Fotal 
September 16.6 18.7 15.1 17.4 48 16.4 
November 15.1 17.9 16.7 18.4 14.7 15.0 
December 8.7 11.3 16.7 17.8 22 9 23 
February 6.0 8.8 9.8 14.3 14.7 17 
March 2.8 3.5 7.1 13.9 9.7 » 9 
5.9 10.0 14.5 7.2 11.4 


April 5.6 
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most of theirs. The April 1952 collections yielded 5.9, 11.4, and 14.5 
percent total oxalates for the Idahome, Almo, and Bridge samples 
respectively. 

In the October collections a portion of the plants from the Ida- 
home site were divided into stem, and leaf-seed-sepal fractions. 
These were found to have a total oxalate content of 2.0 percent in 
the stems and 24.6 percent in the leaf-seed-sepal fraction. These 
results confirm Dye’s (3) report that most of the oxalate is contained 
in the leaf-seed-sepal fraction. 

Since most of the oxalates occur in the leaf fraction, loss of leaves, 
seeds, and sepals probably accounts for the major differences in 
oxalate content among different sites as the seasons advanced. There- 
fore, high leaf retention at a certain site may account for livestock 
losses in early spring even though the mature halogeton has been 
assumed to have a uniformly low oxalate content. Likewise, the 
toxicity revealed in feeding trials may vary primarily according to 
the proportion of leaves present in the samples fed. 

Halogeton is a very succulent plant containing as high as 85 per- 
cent moisture early in the growing season. A high moisture content 
is retained throughout the growing season, dropping to a minimum 
of 50 percent in September. The data show that young and mature 
plants contain practically equal concentrations of oxalates on a dry 
weight basis. However, the high moisture content of green halogeton 
may in part explain why no livestock losses have been reported 
during the summer. Due to the high moisture content of green plants 
a much greater volume would have to be consumed during the sum- 
mer than in the winter to obtain equivalent amounts of oxalate. In 
addition, it appears that halogeton is relatively less palatable during 
the summer, and also, other forage plants are usually more abundant 
than in the fall and winter. 


Rate of oxalate loss. 

The percentage oxalate in halogeton plants exposed to weather 
conditions from November 3, 1951, to April 28, 1952, under the 
humid conditions at Moscow, Idaho, are shown in Table 3. From 
November 3 to December 1, 1951, relatively little precipitation 
occurred until the last two days of this interval. This precipitation 
was oe to thoroughly wet the plants. During the period 
December | to December 3 nearly all of the precipitation occurred 
in the an of rain and resulted in the largest oxalate loss per unit 
of precipiti ition during the study. From December 3 to December 
20 precipitation occurred as both rain and snow but produced less 
oxalate loss per inch of precipitation than in the preceding interval. 
From December 20, 1951, to January 27, 1952, most of the precipi- 
tation was in the form of snow. Although precipitation during this 
interval totaled 4.5 inches, the decrease in total oxalate in the 
halogeton plants was only 0.6 percent per inch of precipitation. 
However, from January 27 to February 28, 1952, most of the pre- 
cipitation occurred as rain. In this instance, the decrease in total 
oxalate was 1.9 percent per inch of precipitation. In the study of 
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oxalate contents in the field (Table 2) and in this study at Moscow 
snow appeared to be less effective than rain in reducing the oxalate 
content. 


Table 3. Average content of halogeton plants (calculated on air-dry basis) 
exposed to weather conditions at Moscow, Idaho, from November 3, 1951, 


to April 28, 1952. 


Oxalate loss /inch 


Precipitation Oxalate content, Percent of initial 
eee percent oxalate lost® of precipitation, 
. sam ing dates percent 
Sampling date P axe 
Total Snow Water- — Water- : Water- 
inches inches soluble Total soluble Total soluble Total 
November 3, 1951 14.0 15.5 
December 1, 1951 1.7 0.0 11.8 13.7 15.7 11.6 1.3 1.1 
December 3, 1951 0.4 Tr. 10.0 11.4 28.6 26.4 4.5 5.8 
December 20, 1951 1.4 9.3 8.0 10.6 42.8 31.6 1.4 0.6 
ey 27, 1952 4.5 45.7 6.5 7.8 53.6 49.7 0.3 0.6 
‘ebruary 28, 1952 1.8 6.0 3.1 4.4 77.8 71.6 1.9 1.9 
March 20, 1952 1.2 4.0 0.5 0.7 96.4 95.5 2.2 3.1 
April 28, 1952 2.0 0.0 0.2 0.4 98 .6 97.4 0.2 0.2 
Total 13.0 65.0 
*Values calculated from initial water-soluble and total oxalate contents of 14.0 and 15.5 ptreent, 


respectively. 


These studies demonstrated that the reduction of oxalate in 
halogeton is due primarily to leaf and seed drop expedited by pre- 
cipitation. Since in October collections the combined leaves, seeds, 
and fruiting bracts contain about 12 times as much oxalate as the 
stems, the loss of these parts has a much greater effect upon the 
decrease in oxalate contents than the leaching of plants. The type of 
precipitation can be an important factor in the rate of oxalate loss, 
since heavy sleet or violent wind storm may contribute to leaf fall. 
Furthermore, the storms occurring in the halogeton-infested areas 
of the western United States are often localized. This can cause con- 
siderable variation in the rate of decline in oxalate contents in 
different localities. For example, when the plants are covered with 
snow during much of the winter, the plants may maintain a high 
oxalate concentration into early spring. This combined with the 
typical scarcity of late-winter forage increases the hazard of late- 
winter or early-spring poisoning. Conversely, precipitation in the 
form of rain and an open winter may decrease the hazard of live- 
stock poisoning. 


Interrelation of oxalate and cation contents and soil type. 


Table 4 shows the oxalate and cation contents of halogeton plants 
collected at Bridge at several growth stages in 1951. Both the oxalate 
and sodium contents decreased from the early stages of growth 
through the mid-flowering stage. The potassium, calcium, and mag- 
nesium levels remained relatively constant. Samples collected at the 
seed maturation stage contained slightly greater amounts of oxalate 
and sodium than samples collected at the late-flowering stage. The 
sodium content was relatively high at all stages of growth. 
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Table 4. Average percentage of oxalate and cation content (calculated on 
air-dry basis) of halogeton plants collected at Bridge, Idaho, at four stages 
of growth in 1951. 


Oxalate content, Cation contents, percent 


percent 
Date Growth stage 

Water- , : 

soluble Total Na K Ca Me Total 
June 22 Cruciform 21.4 24.3 11.3 3.8 1.4 0.6 17.1 
July 23 M id-flowering 18.6 21.2 10.0 3.7 1.2 0.5 | 16.4 
August 22 Late flowering 7.1 19.2 9.3 3.9 1.3 0.5 15.0 
September 21 Seed maturation 17.8 20.2 9.7 3.9 1.3 0.4 15.3 


The oxalate and cation contents of plants collected from the four 
vegetation-type sites are shown in Tables 5. The sodium content 
was found to be extremely high in plants grown at all the sites, 
ranging from 8.0 percent at the sagebrush vegetational type to 12.5 


Table 5. Average oxalate and cation content (calculated on air-dry basis) of 
halogeton plants collected in September 1956, from four vegetational types 
in southern Idaho. 


Oxalate content, Cation content, percent 
percent 
Vegetational type 

Water- . 

soluble Total Na K Ca Mg Total 
Bare®* 16.8 18.3 11.9 3 0 0.6 0.4 15.9 
Saltsage 18.0 19.4 10.4 4.1 0.8 0.5 15.8 
Kochia 18.5 20.2 12.5 3.8 0.7 0.4 17.4 
Sagebrush 14.8 17.5 8.0 5.0 1.3 07 15.0 


*A site without perennial vegetation covered primarily with clasping-leaved peppergrass (Lepidium 
perfoliatum L.), halogweton, and other annuals 


percent at the kochia type. There appeared to be an inverse rela- 
tionship between sodium and the other cations. The percentages 
of potassium, calcium, and magnesium from the different sites were 
greater in plants containing less sodium. Oxalates were found to be 
higher in plants containing the greatest percentage of sodium and 
the least percentage of other cations. Larger quantities of insoluble 
oxalates (differences between the total and water-soluble oxalates) 
were found in plants containing the greater quantities of calcium. 
These relations suggest that the oxalate content of halogeton may 
be associated with the mineral composition of the plant. ' 

Soil analyses from the four vegetative-type sites appear in Table 6. 
Ihe sample depth; pH; electrical conductivity; total, exchangeable, 
and water-soluble sodium; and other water-soluble cations are given. 
Samples from the entire soil profile at each site were analyzed; how- 
ever, portions of the soil profile from approximately 4 to 13 inches 
were found to characterize the soil profiles. For the sake of brevity, 
only data from this portion of each soil profile are presented (Table 
6). From these data it is evident that halogeton occurs under widely 
varying soil conditions and can grow on soils of very high salinity. 
It is also apparent that the concentration of cations in halogeton is 
not directly correlated to their relative concentration in the soil. 
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The large quantities of sodium found in plants grown on soils of 
both high and low sodium concentrations indicate that this plant 
is an accumulator of sodium. 

The data suggest that with increasing soil pH there was a decrease 
in accumulation of sodium in the plants. Plants growing in soils 
with pH readings of 7.7, 7.9, 8.1, and 8.2 (Table 6) had sodium per- 
centages (Table 5) of 12.5, 11.9, 10.4, and 8.0, respectively. The high 
sodium content in the soils of low pH readings undoubtedly influ- 
enced the accumulation of this ion in the plants; however, the plants 
did not accumulate sodium in proportion to the concentration of 
sodium in the soil. 


Table 6. Cation content, electrical conductivity, and pH of soils collected in 
September, 1956, from four vegetational types in southern Idaho. 


| Cations = milliequivalents per 100 grams of soil 
| Sample Electrical 
Vegetational | depth | conductivity pHe w aim -~ 
: \ pe q ater-solubl at 
type inches | (ECX10%)> Total |Exchangeable| ee See 
Na Na Na | K | Ca | Mg 
Bare* 5-10 62.3 7.9 29 .2 8.5 20.7; 0.6 | 2.4] 0.9 
Saltsage 4-12 2.2 8.1 1.0 0.8 0.2} 2.4} 0.2) 0.1 
Kochia 6-12 45.3 7.7 21.9 5.8 16.1/| 0.7 3.4 2 
Sagebrush 6-13 au0 8.2 1.0 0.9 0.1} 0.3 | 0.2} 0.1 


*A site without perennial vegetation covered primarily with clasping-leaved peppergrass 


perfoliatum L.), halogeton, and other annuals. F 
bElectrical conductivity is millimhos/cm (ECX10*) at 25° C. of a saturated soil extract. 


°pH determined on saturated soil paste. 


(Lepidium 


Ash contents 

Data on the ash contents of halogeton plants collected during 
the 1951 growing season and the fall, winter, and spring of 1951—52 
are summarized in Table 7. The ash content was highest in June, 
when the plants were growing most rapidly, and lowest the following 
April. The ash content was found to be extremely high during the 
growing season. 

The samples collected during the growing season fused when 
ashed at temperatures above 750° F. The fusion temperature progres- 
sively increased for the samples collected during the following fall, 
winter, and spring. This would indicate that the lighter metals 
were lost as the plants weathered. 

The ash contents of plants collected in 1951 at Bridge in the 
cruciform, mid-flowering, late flowering, and seed maturation stages 
were 36.7, 35.2, 34.2, and 33.9 percent, respectively. These values 
are somewhat lower than those given in Table 7 for the samples 


Table 7. Average ash content of halogeton plants collected from three sites dur- 
ing the 1951 growing season and the fall, winter, and spring of 1951-52, 
calculated on basis of air-dry plant material. 


Collection | Ash content | Collection Ash content Collection Ash content 
month A | month Qq month % 
June 1951 | 40.2 September 1951 35.3 February 1952 22.0 
July 1951 37.7 || November 1951 32.2 March 1952 21.2 
August 1951 37.9 December 1951 25.6 April 1952 20.8 








: 
: 
a 
: 


MorTON ET AL : OXALATE IN HALOGETON 263 


collected from June to September at other sites, but they show the 
same progressive decrease in ash content as the plants advance 
in maturity. 

In addition to the elements listed in Tables 4 and 5, qualitative 
analyses of the ash revealed the presence of many other elements 
commonly found in plants. Quantitative analyses failed to show a 
large accumulation of other elements. 

The halogeton plants collected from the kochia, bare, saltsage 
and sagebrush vegetational type sites (Table 6) contained 39.9, 39.5, 
34.1 and 33.2 percent ash, respectively. These data suggest that with 
increasing soil pH there was a decrease in accumulation of total ash 
in the plants. This is probably due to the influence of pH upon the 
sodium accumulation in the plants. 

The accumulation of large amounts of ash from throughout its 
root zone and especially large amounts of sodium suggests that the 
annually returning plant residues may increase salinity of the surface 
soil. While this may be only of minor importance in areas support- 
ing the salt-desert shrub vegetational types, it could be of major 
importance in the sagebrush-grass and other types with non-saline 
soils in converting these to a saline-alkali type. 


SUMMARY 


The oxalate and mineral contents of halogeton plant material 
were studied by collecting plants at monthly intervals during three 
growing seasons and the subsequent fall, winter, and spring. Rate 
of oxalate loss from halogeton plants exposed to weather conditions 
at Moscow, Idaho, were determined. The oxalate and cation con- 
tents of halogeton plants were determined from collections made at 
different stages of growth and on various soil sites. It was found that: 

|. The oxalate content of halogeton plants ranges from 18 to 21 

percent on the air-dry weight basis, being highest in the early 
growing season when the plants are growing rapidly. 

2. Most of the oxalate is contained in the leaves, seeds, and fruit- 
ing bracts, and relatively small amounts occur in the stems. 

3. The rate of oxalate loss during the winter and spring months is 
affected more by factors which influence the loss of leaves, seeds, 
and fruiting bracts, than by total precipitation. However, rain 
appears to be more effective than snow in reducing the oxalate 
content of matured plants. These factors cause considerable 
differences in the oxalate contents of halogeton plants at dif- 
ferent sites by late winter or early spring. 

1. Halogeton plants accumulate large amounts of sodium. The 

sodium content is highest in young plants and declines steadily 

as the plants approach maturity. The content of potassium, 

calcium, and magnesium tends to vary inversely with the 

sodium content. 

A relatively high oxalate concentration in the plants is associ- 

ated with a high sodium content. 

6. The ash content of halogeton is highest in young plants and 


wt 
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steadily declines during the growing season and the months 
following the plants maturity. 
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Weeds in Alaska and Some Aspects of Their Control 


C. H. DEARBORN! 


Ww problems in Alaska are relatively new because man’s agri- 
cultural activities in this region have been limited until very 
recently to isolated clearings. These early clearings made by pros- 
pectors and homesteaders to produce feed for their stock also unin- 
tentionally served as increase plots for some troublesome weeds. 

Imported feeds to supplement locally produced forage brought 
weed seeds directly to the clearings as evidenced by stands of quack- 
grass now flourishing. Over the past decade homesteaders and earlier 
established farmers have cleared lands adjacent to some of the orig- 
inal clearings to increase production to meet the market demands 
of defense workers. As might be expected, these new clearings, coales- 
cing with former weed patches, became quickly infested with quack- 
grass, lambsquarters, chickweed and mustard. 

Natural agents such as strong winds, flash floods and animal life 
also aid in weed seed dissemination. Stump rows are a fertile haven 
for weeds. There they grow unnoticed and produce excellent seed 
crops for several years or until the stump row is finally burned and 
spread over the land by a bulldozer. 

Alaskans today import practically all of their seeds of fruits, 
ornamentals and vegetables except potatoes. Seeds of grains, grasses 
and legumes are imported in considerable volume each year for feed 
and seed purposes. In addition, forage for dairies and peat moss for 
soil conditioning in greenhouses is received by these industries from 
the other States or Canada. Potted plants and nursery stock are still 
another avenue through which weed seeds are imported uninten- 
tionally. Little thought is given by either the customer or the sup- 
plier to the kind of weed seeds shipped into Alaska for bird feed. 
Within the past year, weeds new to a particular locality in Alaska 
were traced directly to commercial bird feeds imported from the 
States. 

To illustrate further the need for concern about introducing 
weeds, barnyardgrass was introduced in carrot seeds in 1951. It is 
hoped that control measures applied in that year eliminated the 
weed, although not all plantings of carrots from this particular seed 
source could be checked. Perennial sowthistle was observed in 1951 
and in 1953. Chemicals were used diligently to eradicate this weed 
but it has been observed several times since 1953 in the original 
area. Bladder campion was identified in 1957 in a new seeding of 
timothy. More recently it has been located in another area entirely 
independent of the above introduction. 

Alaska’s position is different from that of the other States in that 
many weed species that could be troublesome do not at present exist 
here. A partial list of agriculturally important weeds not now in 
Alaska is shown in Table 1. This list contains enough important 
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weeds such as bindweed, foxtail, galinsoga, leafy spurge, nutgrass, 
ragweed and wild carrot to cause agriculturists considerable trouble. 
Furthermore, the introduction of a new weed species might serve 
as an additional host plant for some disease or insect pest not yet 
established here. Earlier reports (1) (4) of plant species in Alaska 
contain the names and locations of the following weeds: Bidens 
cernua, Cirsium vulgare, Nepeta cataria, Malva neglecta, Verbascum 
thapsus, Setaria sp., Glechoma hederacea, Lactuca scariola, Amaran- 
thus retroflexus, Tanacetum vulgare and Oxalis corniculata. Al- 
though the records indicate that some of these species may not have 
been adapted, it must be realized that commercial agricultural areas 
were not open at the time and in the areas where these weeds were 
found. 
ECONOMIC ASPECTS 


There is much concern now that seeds of weed species new to 
Alaska will be imported more frequently. Never before has the vol- 
ume of imports of agricultural supplies approached its present level. 
The peak is far from being in sight. This expansion increases the 
probability of importing troublesome weed seeds. Crops are now be- 
ing grown commercially that heretofore were planted only in the 
home garden. Where in earlier years most farming, as in the other 
States, was carried on by men reared in the business of farming, such 
is not the case in Alaska today. Thus the chances are far greater 
than in earlier years that a weed will mature seed without being 
recognized as a new menace to an area. 

The average agricultural worker seldom, if ever, takes inventory 
of his weed population when he moves from one region to another 
except as he remembers which one or ones were the most trouble- 
some. Consequently he may plant a weed seed in a new region and 
permit it to produce seeds because he has tolerated it before or 
because he does not realize it is new to the region. 

Regulations governing the movement of seed imports to Alaska 
have been in effect only since 1945. Much effective inspection work 
has been carried on during this time against rather considerable 
odds. Possible avenues of import, coupled with the great distances 
between centers of distribution in Alaska, have handicapped regu- 
latory work. Control measures effective in other States are difhcult 
to apply to Alaska. For example, the movement between States of a 
sample of seeds containing a trace of weed seeds is permissible when 
both States have the same weed but not permissible when the weed 
is not present in a State. Some protection would be afforded by 
greater use of certified seeds. Additional precautions for Alaska seem 
desirable in view of the weeds that could be imported. 


Weep Species Now IN ALASKA 


Only a few of the many weed species observed in Alaska are of 
economic importance. Table 2 lists those that have attracted atten- 
tion. Of these, chickweed, lambsquarters, quackgrass, wild mustard, 
pineapple-weed and climbing buckwheat have been the greatest 
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nuisance. Shepherds purse, spurry, Pennsylvania smartweed, squir- 
rel-tail barley, common sowthistle, pennycress, peppergrass, dead 
nettle and the several mustards listed have only recently attracted 
attention. With an expanding agriculture, their influence in the 
cropping system may cause farmers considerable additional expense. 
These weeds are not indigenous to Alaska. Fireweed, horsetail, 
northern Grass-of-Parnassus, water hemlock and aconite species are 
natives of the region. The first three weeds can be controlled by a 
well-planned cropping system. 

Canada thistle, although present in several patches is being 
reduced each year thru the combined efforts of the land owners, the 
Alaska Department of Agriculture and the Experiment Station. 
Water hemlock and aconite species occur in swamps and open wood- 
lands and have in very recent years accounted for rather heavy losses 
of stock. Control of these species is difficult because of their scat- 
tered occurrence. 

Some persons might be comforted in presuming that the rather 
limited number of weeds troublesome to gardeners in Alaska is due 
to lack of adaptation of certain species. The absence of ragweed, 
which is considered (3) a short day plant, may be due to a failure 
of the floral parts to develop under the long photoperiod of these 
latitudes (60° to 64° N.) However, local experiences with cultivated 
crops and weeds indicate that there would be ample time in some 
areas for seed development after the long-day portion of the growing 
season had passed. 

Establishment and dissemination of nutgrass, Canada thistle, 
devils paintbrush, perennial sowthistle and others with subterranean 
storage organs might not be materially affected by photoperiod, 
because the existence in Alaska thus far of two of these species has 
not been dependent upon maturation of seeds. The seriousness of 
allowing weeds with fleshy storage organs to get established is illus- 
trated by the persistence of horsetail. A stoloniferous smartweed 
infestation of a potato field in the Tanana Valley near Fairbanks 
illustrates the point quite well. This weed does not appear to have 
been reported previously in Alaska. It may have been indigenous to 
that area as no sexual reproductive structures were observed. 


INFLUENCE OF CULTURAL PRACTICES 


In this environment climbing buckwheat, knotweed, Pennsyl- 
vania smartweed, spurry and pineapple-weed are typical examples 
of weeds that are spreading because of new cultural practices. Since 
1951 potato growers have effectively used a pre-emergence dinitro 
spray to control broad-leaved weeds in potatoes (2). Control of 
chickweed, lambsquarters, mustard, Shepherd’s purse and other 
broad-leaved types has been by a pre-emergence broadcast spray of 
not less than 3.75 pounds of 4,6—dinitro—o—sec—butylphenol per acre. 
This is the bare minimum. For clean culture 5.25 pounds is effective. 
Climbing buckwheat has some tolerance for this compound and 
generally survives lighter rates. 
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Grain growers have a similar problem with this weed. At the 
present time it appears that the only reason for the persistence of 
climbing buckwheat in grain crops is a tendency on the part of the 
grower to be conservative with the chemical spray. This same reason- 
ing applies to knotweed and smartweed in grains, although these 
weeds have not yet become widespread. 

Spurry has emerged in potato and grain fields and continued its 
growth to maturity in spite of the usual chemical weed control 
measures. Under the present system of crop management spurry will 
be a potent source of trouble in the near future. Pineapple-weed has 
persisted in carrot fields after spraying with oils normally used for 
weeding carrots. This may imply a resistance to oil sprays. 

Quackgrass is grown as an economical forage by some dairymen. 
This adds a major obstacle in controlling its spread. Some knowledge 
has been gained toward eliminating quackgrass with dalapon o1 
amitrol. If successful, either treatment will be quite expensive in 
terms of quantity applied or time lost in the use of the land except 
for potatoes. 

A good crop of potatoes can be grown in quackgrass infested soil 
within the year of treatment if a delapon spray is applied to lush 
quackgrass foliage at least two weeks before potato planting. At the 
rate of 10 pounds of active ingredient per acre quackgrass stolons, 
if extended at all, apparently do not have the energy to penetrate a 
healthy potato tuber or interfere with potato digging. Mats of quack- 
grass stolons turned down in plowing frequently still remain as a 
major obstacle in digging the new crop of tubers. This condition 
prevails because decomposition of organic matter is slow in these 
cold soils. General gardening and quackgrass control have not been 
compatible so far because most small seeded crops are retarded in 
their growth by quantities of dalapon that are effective in controlling 
the grass. 


Table 1. — Partial list of agriculturally important weed species 
not now in Alaska 

a Sides ven eddaewe Ch boas Gben 6a Bidens frondosa L. 
AIT Sens 5% oss badacad bees .Convolvulus sp. L. 
EE 6. Wi on Gab iv ae nels PS Be wet Solanum dulcamara L. 
So A St a 9 rs er Arctium sb. L. 
ered acs ois a cw BONO caves od Xanthium sp. L. 
EET ST ee Terie Hieracium aurantiacum L. 
RON id onc as aaah geod sent % Galinsoga parviflora Cav. 
aT tir RS SIR Gg re ..-Physalis sp. L. 
LS . Gus é aults dudekon's> hs 3 %.-< Solanum carolinense L. 
EY ce Pos ex 5 0 2 wie Hieracium floribundum Wimm. & Garb. 
Es cass RéGuGKe es wadGus oo este ssece Euphorbia esula L. 
ER by Sa Ws'a's os te a Hee b .eeseeee.+-Aselepias syriaca L. 
RAE GaN wa%s as bebe Helehee'e’s .. Cyperus esculentus L. 
er yt er ee eee Rhus radicans | 

NaS bik iw Ss a Gk Wale Wie wie Abide Wate Portulaca oleracea | 
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Reweed 6. ws ewes bec v lives Cen tate eens Shaun Ambrosia sp. L. 
Se. Jame wort... 6. ies Sia ees a Hypericum perforatum L. 
Ween Gee... ooo oonvdsmnboweedas eee Lychnis alba Mill. 
We UNE ok cites Ja wakidadicers teen on Daucus carota L. 
po Te eee ee eee Cichorium intybus L. 
WHEE MEINE noc ca neue 05-ph 5a ke been in eeeee Allium vineale L. 
WOOREINOEEE . 20 0s iv. ocd Cicnthhesket one Artemisia annua L. 
Table 2. — Weeds in Alaska affecting agriculture 
Annmtal Wenearets .ou3.tsi tae eR ae Poa annua L. 
EP ee ee rere me eye Neslia paniculata L. 
Pee SUNINON 55 ws ss Sess Faabnek eens Silene cucubalus Wibel 
CED go oc a o's c's va blneOl be ta nkee doeur Cirsium arvense L. 
0 A re re Tr er ce Stellaria media L. 
Clisebing buckwheat ..... 2.6.52 seeess Polygonum convolvulus L. 
Sy CINE x. . csi a des bas ce e's a aed Equisetum arvense L. 
CNG OUEERIINOD oe 0.4510 605 oolnd ack pa Sonchus oleraceus L. 
ea er Taraxacum officinale Weber 
REE. 5. dics ne bic beak teneksceee Lamium purpureum L. 
POI, cx nnn n shades ceebauna wees Epilobium angustifolium L. 
Northern Grass-of-Parnassus ............. .Parnassia palustris L. 
Cg er Or oe iT a Sisymbrium officinale L. 
BO ere rr Chenopodium capitatum L. 
Renn MON. 8. ss vSncw twee ook 4conitum maximum Pall. 
EES U's oo cou ctaeene seb eusnenen Polygonum aviculare L. 
Fe rer eee Chenopodium album L. 
CPT ee ce Delphinium glaucum Wats. 
REE ONE. oo. dows p.c Sue Stas unaaeren ..Plantago major L. 
Pennsylvania smartweed ..........Polygonum pennsylvanicum L. 
eer ry pert St pe Thlaspi arvense L. 
ee ee Lepidium densiflorum Schrad. 
fe Adgropyron repens L. 
Ee FOIOUED. 5 ok 5 on cnncducdeausenieke teas Angelica lucida L. 
Te Capsella bursa-pastoris L. 
Smartweed ..................Stoloniferous type — not identified 
ET 5. . crews vn ce vces 4s etebaebed sp Get Ses .. Spergula arvensis L. 
Pre ee ere ....Urtica dioica L. 
Pe PT ee ee ore eee Descurainia sophia L. 
Weer IEE |. 5 55 ot Sa eek a eee Cicuta mackenziana Raup. 
gg, Per e ee Hordeum jubatum L. 
a Pe VMatricaria suaveolens Pursh. 
LO ree ee ee) aly dilium schoenoprasum L. 
WEN oss do ca kee mauateean ohea .. Brassica arvensis L. 
oe on bea ke a os ae eee .. Avena fatua L. 
CE, v's. ds cy CaaS eS eee eee ....Linaria vulgaris L. 


WS ona ls ovo wa srda eine bk Dee {chillea millefolium L. 
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Amitrol for Control of Redroot in Cranberries’ 
W. F. Mecoirr? and R. J. Avpricn® 


oo E weeds in cranberry bogs cannot be successfully controlled by 
mechanical equipment, there has been considerable interest in 
chemical means of control. Among the chemicals that have been and 
are presently being used are iron sulfate, paradichlorobenzene, 
sodium chloride, sodium arsenate, sodium arsenite, copper sulfate, 
kerosene, and other herbicidal oils (2). All these chemicals have 
to be applied in relatively large quantities, which makes for a large 
per-acre cost of treatment and involves many problems inherent in 
the application of large quantities of materials. There is, then, con- 
siderable interest in a chemical which can be applied in relatively 
small quantities and which will provide satisfactory control of weeds 
in the bogs. 

In addition to providing competition to the cranberry plants, 
weeds are a serious problem at harvest time especially since mechan- 
ical harvesters have been introduced. Weeds mat and tangle with 
the cranberry vines and thus impair the operation of stripping the 
berries from the vines with either hand scoop or mechanical 
harvester. 

Redroot (Lachnanthes tinctoria), a perennial stoloniferous plant, 
is a particularly troublesome weed in many New Jersey cranberry 
bogs (1). It is found in sandy and peaty shores and swamps from 
Florida to Massachusetts and is aggressive in artificial cranberry 
bogs. It has both rhizomes and long slender stolons with a red juice, 
which prompts the name redroot. 

Investigations were started in New Jersey in 1953 to evaluate cer- 
tain of the newer herbicides for selectively eliminating this weed 
pest from cranberry bogs. 


MATERIALS AND METHODS 


In 1953 and 1954 several herbicides, isopropyl N-(3—chloro- 
phenyl)carbamate (CIPC), 3-(p—chlorophenyl)—1,1—dimethylurea 
(monuron), 3—phenyl- 1,1-dimethylurea (fenuron), maleic hydra- 
zide, herbicidal oils, 3-amino-1,2,4-triazole (amitrol), and sodium 
2,2-dichloropropionate (dalapon) were evaluated for their effective- 
ness in selectively removing redroot from cranberry bogs. These 
studies showed amitrol to be the only promising herbicide of 
those tested. 

The preliminary work in 1953 and 1954 suggested that 2 pounds 
active ingredient per acre of amitrol was the approximate rate cran- 
berries would tolerate even though in some tests higher rates have 
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been used without reduction in yield. Other workers have also shown 
that cranberries are tolerant of amitrol at low rates (3, 4, 5). 

On May 12, 1954, 1, 2, and 4 pounds per acre of amitrol were 
applied to 6- by 10-foot plots laid out in a bog uniformly infested 
with redroot. These treatments were made when the redroot plants 
were very small seedlings, 3—5 inches, and the cranberry vines had 
attained approximately 2 inches of growth from terminal buds. 
The amitrol was applied in 40 gallons of water per acre. Redroot 
counts of two l|-square-foot areas from each plot were made on 
September 2. Cranberries were gathered for yield determinations 
by hand-scooping the entire plot on September 2. The plots treated 
with | and 4 pounds of amitrol were also harvested in 1955. 

On June 6, 1955, amitrol was applied at the rate of | and 
pounds per acre to plots, 5 by 10 feet, in a randomized block design 
with 4 replications. Additional plots were included in the design to 
provide for retreatment in the fall, September |. The redroot was 
4 to 8 inches tall and cranberries showed considerable growth at 
the time of the June treatment. Yields were obtained on the entire 
plot in 1955, 1956, and 1957, and counts of redroot plants were 
made in 1957, the second year after treatment. 

An experiment was conducted in 1956 to evaluate the rate and 
time of amitrol application, and to further evaluate the combination 
spring and fall treatment and fall treatment alone. One and 2 
pounds per acre of amitrol were applied in the spring at three 
stages of growth of redroot: just emerged, 2—4 inches tall, and 5-8 
inches tall. These applications were made at weekly intervals begin- 
ning on May 29. The plots were 514 by 10 feet in a split-plot design 
with 4 replications, which allowed all combinations of the spring 
treatments with | pound of amitrol applied on September 13. Yields 
from the plots were taken on September |, 1956, and on September 
9, 1957. Counts of redroot plants were made on July 2, 1957. 

All treatments in all years were made with a knapsack-type — ivel 
using a three-nozzle boom. The pressure was maintained at 30 psi 
as indicated by a pressure gauge mounted on the sprayer. The variety 
of cranberry used in these studies was Early Black. 
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RESULTS AND DISCUSSION 


The stand of redroot and yield of cranberries for amitrol treat- 
ments made in 1954 are shown in Table |. All rates of amitrol 


Table 1. The effect of amitrol applied May 12, 1954 on stand of redroot and 
cranberry yields. Whitesbog, New Jersey, 1955. 


Redroot, Yield, lb /plot 
Amitrol, Ib/A plants /sq ft 
September 2, 1954 1954 1955 
0 33 3.9 4.7 
1 18 4.4 5.1 
2 19 2.5 
4 10 0.6 0.8 
& 


LSD 5% 
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reduced the stand of redroot. The counts do not show the maximum 
effective control because many of the redroot plants present at the 
time the count was made probably emerged after the applications 
of amitrol. Those plants that were present in the treated plots were 
small and stunted in comparison to those in the untreated check 
plot. 

Yields taken in 1954 and 1955 showed no reduction in cranberry 
yields from the I-pound and 2-pound treatments but a significant 
reduction from the 4-pound treatment in the spring. Apparently 
cranberries have a certain tolerance for amitrol, but the tolerance 
range is quite narrow, especially for treatments made in the spring 
when plants are growing vigorously. 

Although 4 pounds of amitrol significantly reduced the yield of 
cranberries in 1954 and 1955, the vines were not damaged. Obser- 
vations in 1955 of those plots treated in 1954 indicated very effective 
redroot control with all rates of amitrol. 

Ihe data in Table 2 are the yields taken in 1955, 1956, and 1957 
and redroot counts made in 1957 for those plots treated on June 6 
and September 1, 1955. 


Table 2. The effect of amitrol on control of redroot and on yields of cranberries 
treated in 1955. Whitesbog, New Jersey, 1957. 


Amitrol, Ib/A Yield, |b /plot Redroot count, 
plants, sq ft 

June 6, 1955 Sept. 1, 1955 1955 1956 1957 195 

L 0 10.2 4.4 6.4 22.7 

2 0 8.6 4.9 5.7 19.4 

1 1 10.0 4.1 6.4 2.8 

1 2 9.3 §.2 7.4 2.5 

2 1 10.2 5.6 7.4 1.8 

2 2 11.1 3.9 6.9 2.4 

0 0 10.2 3.8 6.4 27.1 

LSD N.S N.S N.S 


Control of redroot from treatments made only on June 6, 1955 
was poorer than from the spring treatments in 1954, possibly because 
of the larger size of the redroot at the time of treatment in 1955 (3-5 
inches in 1954 and 4-8 inches in 1955). One pound of amitrol 
applied on June 6 and September | resulted in complete control 
of redroot, as indicated by observations in 1956; and nearly com- 
plete control in 1957, as indicated by counts shown in Table 2. Any 
combination of a fall application of amitrol with a spring appli- 
cation resulted in nearly complete control of redroot. Counts made 
in 1957 showed poor carry-over control from the June 6 application, 
although counts were slightly lower than the check. 

Yields taken in the three years, although variable from year to 
year, showed no significant reduction from | and 2 pounds oi 
amitrol or combinations thereof in the spring and fall. 

The effect of amitrol on the control of redroot and yield of cran- 
berries treated in 1956 is shown in Table 3. Redroot was effectively 
controlled by all treatments in which | pound per acre was applied 
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in the fall immediately after harvest. It is evident from this experi- 
ment that treatments made only in the spring did not control red- 
root satisfactorily. One pound of amitrol applied in the fall was 
nearly as effective as the combination spring-fall treatment. The date 
of treatment in spring had little or no effect on control of redroot. 
However, counts for the treatment made only on June 5, and in 
combination with the fall application, were slightly lower than the 
other two dates of treatment in the spring. 


Table 3. The effect of amitrol on control of redroot and yields of cranberries 
treated in 1956. Whitesbog, New Jersey, 1957. 


Yield, |b/plot Redroot 
Amitrol, Ib/A plants /sq ft 
1957 1956 1957 
May 29 Sept. 13 
0 0 2.0 2.8 22.0 
0 1 1.4 2.7 
1 0 2.1 2.5 29.4 
1 1 2.3 a 
2 0 1.7 5 25.0 
2 1 1.8 ] 
June 5 Sept. 13 
0 0 ce 2.8 18.4 
0 1 1.8 2.9 
1 0 1.8 2.2 23. 
1 1 2.0 1.8 
2 0 1.9 2.0 19.4 
2 1 1.9 , 
June 12 Sept. 13 
0 0 1.8 2.7 17 
0 l 1.8 4.4 
I 0 2.2 2.8 20.5 
1 1 2.2 3.5 
2 6 1.5 ae 22.9 
2 1 rea 2.4 
LSD N.S. N.S 
Means for all! dates in spring combined 
4 0 1.7 ye 20 
0 1 Bay 3.3 
1 0 2.0 2.5 24 .¢ 
1 1 2.2 4 
2 0 ee ? 4 22.4 
2 1 1.7 1 
LSD N.S. N.S 


Yields in 1956 from plots treated on June 5 tended to be lower 
than on the other two dates. This difference was not statistically 
significant, but it approached significance at the 5 percent level. 
Yields from this experiment in 1957 were quite variable because of 
the variability of cranberry stand. None of the amitrol treatments 
reduced yields significantly in the year following treatment. The 
number of rotten and discard fruit was not influenced by treatment 
as counts of discard fruit were no greater from treated than untreated 
plots. 

The effect on the control of redroot of | pound of amitrol applied 
as a post-harvest treatment on September 13 is shown in Figure 1. 
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Figure 1. Control of redroot with 1 pound of amitrol 
applied as a post-harvest treatment on September 13, 
1956. Photo July 2, 1957. Left, check; right, 1 pound 
amitrol on September 13. 


In general, it is logical to assume that amitrol may be somewhat 
damaging to cranberries, since the 4 pounds applied in the 1954 
experiment caused a substantial reduction in yield. This indicates 
a rather narrow margin between the effective rate of 1 to 2 pounds 
and a rate which could damage the crop. One pound of amitrol 
applied immediately after harvest in the fall controls redroot satis- 
factorily with no injury or reduction in yield of cranberries. 

The carry-over effect of controlling redroot for at least 2 years 
following the year of treatment indicates that control of redroot 
is a problem of eliminating the existing plants and not a problem 
of controlling seedlings which arise from seed. 

Although yields were not increased in these experiments by 
removal of redroot it is felt that the increased ease of harvesting 
would justify control of this weed pest. Further the variability of 
the small plots employed may have masked any possible increase 
in yield due to removal of the redroot. 


SUMMARY 
1. Several herbicides were evaluated for the control of redroot 
(Lachnanthes tinctoria) in cranberries. Of those investigated, amitrol 
was the only chemical which showed promise of selectively removing 
redroot from cranberries. 
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2. Rates and timing of application of amitrol were evaluated in 
1955 and 1956. 

3. Amitrol at | pound per acre applied in the fall immediately 
after harvest gave nearly complete control of redroot with no reduc- 
tion in cranberry yield. 

4. In general, spring applications of amitrol, at rates which would 
not damage cranberries, did not control redroot satisfactorily. 

5. Control of redroot with amitrol was effective in the second and 
third year following treatment which indicates control is primarily 
a problem of eliminating existing plants and not a problem of con 
trolling seedlings which arise from seed. 
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Effect of Amitrol Sprays on the Growth and 
Development of the Cranberry’ 


MALCOLM N. Dana? 


f Secs cranberry (Vaccinium macrocarpum) is a low growing, peren- 
nial, woody plant of the boglands of the northern United States. 
Because cranberries are grown commercially on wet, low lying soils, 
the fields are often infested with a wide range of weeds common to 
such areas. Among the most common weeds of Wisconsin cranberry 
bogs are (1) sedge family: Carex oligosperma, Dulichium arundin- 
aceum, and Eriophorum virginicum; (2) rush family: Juncus effusus 
and J. canadensis; (3) horsetail family: Equisetum arvense and E. 
fluviatile; (4) fern family: Onoclea sensibilis and Osmunda regalis; 
(5) water plantain family: Sagittaria latifolia; (6) grass family: 
Leersia oryzoides, Glyceria canadensis and C anasanenill canadensis; 
(7) composite family: Ambrosia artemistifolia, Bidens connata, and 
Solidago graminifolia; (8) primrose family: Lystmachia terrestris and 
L. thyrsiflora; (9) buckwheat family: Polygonum sagittatum and P. 
amphibium; (10) rose — Potentilla palustris and Rubus his- 
pidus; (11) mint family: Lycopus uniflorus and Scutellaria epilobi- 
tfolia; (12) St. Johnswort family: Hypericum i virginicum; (13) gentian 
family: Menyanthes trifoliata; (14) willow family: Salix nigra and 
Populus tremuloides. Many pote weed species occur in cranberry 
bogs, but they do not present a serious cultural problem. 

Historically, weed contro! practices in cranberry bogs have been 
by hand weeding or by the application of either petrole um deriva- 
tives or certain inorganic salts. Standard practices were outlined by 
Cross (2) for Massachusetts and Dana (3) for Wisconsin. The recent 
development of the organic herbicides has opened up a new field 
of study for the control of the many weed pests. 

Of the organic herbicides tested, 3—amino—1,2,4—triazole (amitrol) 
appears to offer the most promise for widespread use in cranberry 
bogs. Not only does it have a wide spectrum of weed species on 
which it is effective, but cranberries have exhibited a considerable 
tolerance to the effects of this material. Some of the weed species 
which have been found to be susceptible to control by amitrol are: 
common horsetail, Equisetum arvense; bugle weed, Lycopus uni- 
florus; star grass, Dulichium arundinaceum; wire grass, Carex oligo- 
sperma; and sickle grass, Leersia oryzoides. Aldrich (1) and Demoran- 
ville and Cross (5) have reported the effectiveness of this material 
on weed species in other cranberry growing areas. 

Aldrich (1) reported that cranberry vines would tolerate 2 Ib/A 
of the Aye iterial without loss of crop when applied in June, but that 
1 Ib/A applies! in May resulted in some crop reduction. Demoran- 
ville and Cross (6, 7) reported that cranberry vines would tolerate up 
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to 12 Ib/A of amitrol, but quantities in excess of 3 lb/A resulted in 
some crop reduction. Applications made in June resulted in the 
most pronounced reduction in crop yields. Dana (4) reported pre- 
liminar, results which indicated that vines would tolerate 4 lb/A 
without undue injury. 

These favorable reports from the use of this material emphasized 
the need for critical information about the effect of this herbicide 
on the growth and fruiting of the cranberry vine. 


METHODS AND MATERIALS 


The experimental area selected was in an established cranberry 
bog section that was reasonably free of weeds. The variety of cran- 
berry was Searles, a large fruited variety grown extensively in Wis- 
consin. The vines were in full production and promised a good crop 
in 1957. Bog management was according to accepted practice for 
most bogs in Wisconsin. 

All herbicide applications were made with a bicycle-type plot 
sprayer calibrated to deliver 40 gallons of water per acre. Rates of 
application, in pounds of actual amitrol per acre, were 0, 1, 2, and 
4. Dates of treatment and stage of vine growth at time of treat- 
ment were: May 6, white bud; May 26, few buds out 4 inch; June 
19, pink hook; July I1, late full bloom; August 6, first fruit buds 
forming. 

The plot design was a series of five randomized block experiments 
with four replicates, one experiment for each treatment date. Indi- 
vidual plots were 10 x 10 feet in size. Data were obtained on yield, 
fruit size, fruit set, flower bud set and terminal growth. 


RESULTS 
General appearance of amitrol sprayed cranberry vines. 

Cranberry vines that were treated with amitrol during the active 
growth period, May 6, May 26, and June 19, exhibited a distinct 
pink color in all newly developed leaves within 7 days after treat- 
ment. The pink color was most pronounced at the leaf margins with 
a paler pink at the center of the leaves. In plots treated at the rate of 
4 lb/A, a few leaves showed marginal browning. 

The abnormal vine coloration persisted for 2 to 3 weeks and then 
the leaves assumed the green color normal for the time of year. The 
intensity of the pink color expression as well as the duration of this 
abnormal appearance was associated with the concentration of ami- 
trol used; the plots receiving the highest rate showed the most severe 
effects. No formative effects on leaves, flowers, or fruit were observed. 
Applications made on July 11 and August 6 did not result in any 
abnormal vine color. 


Yield of berries. 

All plots were harvested “on the flood” with a conventional hand 
cranberry rake on September 24. Harvested berries were screened 
to remove extraneous trash and were weighed immediately. Plot 
weights, converted to barrels per acre, are presented in Table 1. 
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Table 7. Yield of cranberries following amitrol applications at five dates. 
(Bbl per acre). 
Yield cranberries, bbl / A, following 


Stage of growth treatment with amitrol, lb/A 
at treatment 


Date of treatment Significance 


0 1 2 4 


May 6 White bud 99 111 105 104 N.S 
May 26 Buds out \% in. 82 85 83 75 N.S 
June 19 Pink hook 81 79 74 67 N.S 
July 11 Late full bloom 82 79 88 77 N.S 
August 6 First fruit buds formed 84 77 81 89 N.S 


None of the mean differences in yield associated with the different 
rates of amitrol treatment approached the 5% level of significance 
for any of the dates of treatment. The mean yield data for the June 
19 date, however, are of some interest. Production of fruit on plots 
treated on this date showed a fairly consistent decline as the rate 
of amitrol treatment increased. For the four rates 0, 1, 2, and 4 Ib/A, 
the mean yields were 81, 79, 74 and 67 barrels per acre, respectively. 
Although not significant in the statistical analysis, there was an 
indication of some yield reduction due to treatment with amitrol 
at this date. The reports of Aldrich (1) and Demoranville and Cross 
(6) showed that yield reduction followed amitrol applications to 
cranberry vines at this stage of growth. 

The high yield reported for all plots in the May 6 series of treat- 
ments was associated with location in the bog section. Yields in all 
plots in this area were consistently higher than yields achieved else- 
where in this section. No association of yield with treatment was 
indicated in this series of plots. 

Yields of fruit in the May 26, July 11, and August 6 series of treat- 
ments were variable and could not be related to the amitrol 
treatments. 


Size of berries. 

A I-quart composite sample of fruit was taken from each lot of 
fruit harvested. This sample was used for the determination of 
berry size. Size was determined by counting the number of berries 
required to fill a standard measuring cup. Three cup counts per 
plot were made to establish the size of fruit in the plots. A high 
cup count indicates small fruit and a low cup count indicates large 
fruit. The treatment means for the five dates of amitrol application 
are presented in Table 2. 


Table 2. Cranberry fruit size in relation to amitrol applications at five dates 
(Number of berries to fill a measuring cup). 


Number of berries in cup, following 
Stage of growth treatment with amitrol, lb/A 
at treatment 


Date of treatment Significance 


| ’ ! 


0 1 2 
May 6 White bud 75 73 69 73 N.S 
May 26 Buds out 4 in. 72 68 72 72 N.S 
June 19 Pink hook 73 74 78 74 N.S 
July 11 Late full bloom 72 70 74 71 N.S 
August 6 First fruit buds formed 71 72 70 71 N.S 
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The fruit size was nearly uniform for all plots regardless of treat- 
ment. No differences associated with amitrol application were appar- 
ent in the statistical analysis. Under the conditions of this experi- 
ment it was apparent that rates of amitrol application up to 4 Ib/A 
had no significant effect on the development of size in cranberry 
fruit irrespective of the date of application of the herbicide. 


Fruit set, length of upright growth, and flower bud set. 

Three samples of uprights from each plot were harvested for the 
determination of fruit set, length of upright growth, and flower bud 
set. Each sample contained all the upright growth in a randomly 
selected circular area of approximately 20 square inches. This sample 
area was chosen to provide a sample of approximately 75 uprights 
for measurement. 

Fruit set. The number of flowers that were produced by all up- 
rights and the number of berries that developed were determined 
for each sample. From these figures the percentage of fruit set was 
calculated. The data for the average fruit set per plot is presented 
in Table 3. The figures in parenthesis in Table 3 show the total 
number of flowers that were counted for the determination of each 
fruit set percentage. 


Table 3. Percentage of fruit set on cranberry vines following amitrol applica- 
tions at five dates. 


Percent of fruit set following 
Date of treatment Stage of growth treatment with amitrol, |b/A Sienificance 
at treatment 

0 1 2 4 
May 6 White bud 27(496)*| 28(492) | 26(564) | 22(476) N.S 
May 26 Buds out 4 in. 21(384) | 26(448) | 28(400) | 24(500) N.S 
June 19 Pink hook 26(328) 23(412) 23(424) 19(376 N.S 
July 11 Late full bloom 25(476) | 29(488) | 26(516) | 26(520) NS 
August 6. First fruit buds formed! 29(444) | 25(396) | 26(588) | 25(508) N.S 


“Figures in parenthesis show the number of flowers counted to establish each fruit set percentage 


Major differences in fruit set were not apparent from examination 
of the data. The most noteworthy differences were found for the 
series of treatments made on June 19. Treatment on this date 
resulted in the following fruit set percentages: untreated, 26%; 
1 Ib/A, 23%; 2 Ib/A, 23%; and 4 lb/A, 19%. The progressive 
reduction in fruit set with increasing amounts of amitrol appli 
cation corresponded closely to the observed differences in yield for 
this series of plots as shown in Table 1. The yield data were 81, 
79, 74, and 67 bbls/A for the untreated, | Ib/A, 2 Ib/A, and 4 Ib/A 
plots, respectively. Such a relationship between yield and fruit set 
would be expected. Data for the other dates of treatment did not 
show this relationship. Although the differences in fruit set were 
not statistically significant at the 5% level for any of the dates of 
treatment, the data indicated that the pink hook stage of growth 
was the most sensitive to amitrol effect on fruit production of the 
five stages of vine growth treated in this series of experiments. 
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Terminal growth. The length of seasonal terminal growth was 
measured for each upright in the vine samples harvested: Runners 
were discarded, and no attempt was made to determine the influence 
of amitrol on their growth. 

The seasonal growth of individual uprights ranged from 10 mm 
to 130 mm. The average seasonal growth per upright for the various 
treatments is presented in Table 4. The number of uprights meas- 
ured for the determination of the average growth per treatment is 
shown in parenthesis, adjacent to the particular mean. 


Table 4. Average length (mm) of growth extension of cranberry uprights 
following amitrol treatment at five dates. 


Length of growth, mm, following 
Stage of growth treatment with amitrol, Ib/A Significance 
at treatment 


Date of treatment 


0 i 2 4 
May 6 White bud | 73(701)*| 82(719) | 76(725) | 79(732) N.S 
May 26 Buds out 4 in. | 77(742) | 73(716) | 76(715) | 71(741) N.S 
June 19 Pink hook 75(725) | 74(734) | 72(737) | 78(695) N.S 
July 11 Late full bloom 75(813) | 72(754) | 72(832) | 70(780) N.S 
August 6 First fruit buds formed) 72(794) | 75(876) | 76(936) | 80(794) N.S 


*Figures in parenthesis show the number of uprights measured to determine the average growth. 


All differences between treatment means at the several dates of 
application were well within the limits of experimental error. No 
consistent relationship between amitrol treatment and cranberry 
vine growth was established by the techniques used in this study. 
Careful observations by the author of amitrol treated plots over 
several years of study have never detected any reduction in upright 
growth from rates of application of 4 Ib/A or less. 

Fruit bud set. Each upright that was measured for seasonal growth 
was examined for the presence or absence of a terminal flower bud. 
Terminal buds that contain flower initials are larger and more 
plump than purely vegetative buds and may be readily distinguished 
from them by macroscopic examination. Any effect of treatment on 
flower bud formation would be reflected by a reduced flower pro- 
duction in the coming year. 

The mean percentages of uprights examined which had terminal 
flower buds are shown in Table 5. Observed differences among the 
treatment means were wel] within the range of experimental error 


Table 5. Percentage of cranberry uprights with terminal flower buds following 
amitrol treatment at five dates. 


Percent uprights with flower buds 
Stage of growth following treatment with amitrol, |b/A SigniGcance 


Date of treatment 
at treatment 


0 1 2 4 
May 6 White bud 40 42 42 48 N.S 
May 26 Buds out 4 in 37 37 39 42 N.S 
June 19 Pink hook 44 42 40 42 N.S 
July 11 Late full bloom 34 38 39 39 N.S 
N.S 


August 6 First fruit buds formed 42 43 42 45 
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and could be attributed to random variation in the experimental 
material. It was interesting to note, however, that in the data for 
four dates, May 6, May 26, July 11 and August 6, the 4 lb/A amitrol 
plots had a higher bud set percentage than did the untreated 
controls. In the other series of plots, June 19, the average bud set 
for the untreated plots was 44%, which was slightly higher than the 
42% tor the 4 ib/A rate. These differences, though minor in total 
amount, lend support to the proposition that amitrol treatment 
does not reduce the amount of flower bud set in cranberry vines. 


DISCUSSION 


Cranberry vines in the area where the experimental bog was 
located normally commence growth about May 1, begin to blossom 
approximately June 25, and the first flower buds for the succeeding 
year’s crop are visible by August 1. The blossoming period extends 
over 3 or 4 weeks, the actual duration depends upon the prevailing 
weather conditions. Growth extension of uprights is normally com- 
pleted by August 10 on vines in good production. 

The treatment dates used for this experiment were selected to 
correspond with critical stages in the development of the cranberry 
vines. The May 6, May 26, and June 19 treatments were made dur- 
ing the period of rapid growth extension. The June 19 and July 
11 treatments were made just prior to bloom and in late full bloom, 
respectively. The July 11 and August 6 treatments were applied as 
the young fruits were developing and at the critical stage for flower 
bud differentiation, respectively. 

The amount of terminal growth, percentage of flower bud set, 
and size of fruit were not influenced by treatment with amitrol at 
the rates used. The cranberry vines had a marked tolerance of this 
herbicide. 

The data indicated that the yield of fruit and fruit set, though 
not greatly reduced by any treatment at any date, were somewhat 
reduced by the 4 Ib/A treatment made June 19. At the time this 
treatment was applied the first flowers were ready to open. There- 
fore, one could expect that the vines would be sensitive to harmful 
effects on fruit set at this time. Demoranville and Cross (6) also 
found the vines to be sensitive to amitrol effects at this season of the 
year. Applications of amitrol at this stage of vine development, 
particularly at rates of 4 lb/A or more would seem to introduce 
undue risk to the current fruit crop and should not be encouraged. 
Earlier, or later treatments were much safer from the standpoint 
of fruit production. 

From the standpoint of weed control, no single date of application 
would seem to be the most important. Several weed species are sensi- 
tive to amitrol effects and each of these species undoubtedly has a 
period in its development when it is most sensitive to the herbicide. 
The problem now becomes one of finding the weakest spots in the 
weed developmental cycles, which do not coincide with the weakest 
spot in the cranberry production cycle, late June. 
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SUMMARY 


Applications of amitrol were made to a mature cranberry bog at 
rates of 0, 1, 2, and 4 Ib/A on May 6, May 26, June 19, July 11, 
and August 6. 

Each plot was harvested for total yield of fruit and sampled for 
fruit size, fruit set, length of growth, and flower bud set 
determinations. 

Yields of fruit were not seriously reduced by any treatment, 
although some evidence was presented to show a slight reduction 
following the 4 lb/A treatment made on June 19. This treat- 
ment also was associated with a reduced fruit set. 

Fruit size, length of upright growth, and flower bud set were 
not influenced by any of the treatment combinations applied. 
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Residual Herbicidal Activity of Some Chloro- 
Substituted Benzoic Acids in Soil! 


W. M. PHILLIPs? 


HE chloro-substituted benzoic acid compounds discussed here 
were included with a number of other chemicals tested in 1955, 
1956, and 1957 as soil sterilizing herbicides at Hays, Kansas. The 
experiments were designed to yield information on the effectiveness 
of various treatments for field bindweed (Convolvulus arvensis) con- 
trol. Results of the bindweed control studies have been briefly 
summarized by Phillips (9). 
The residual action of soil sterilants is important in determining 
their over-all effectiveness and their potential hazard when used on 
crop land. As a part of these determinations a portion of each plot 
treated in 1955 and 1956 was planted to Midland grain sorghum in 
the spring of 1957. Sorghum emerged to a normal stand on all plots 
which had been previously treated with chlorinated benzoic acids. 
The sorghum appeared to grow normally during the early part of 
the season. However, shortly after heading it became evident that the 
crop was being adversely affected, presumably because of the toxic 
effects of the chemicals. Apparently normal heads were exserted 
from the boot of the sorghum plants but little or no grain was set 
in most of them. This condition was rather uniform following all 
rates and dates of application of the chloro-substituted benzoic acids. 
This study was undertaken to determine the extent of leaching and 
breakdown of these chemicals in the soil. 

The plant hormone activity of trichlorobenzoic acid and other 
chloro-substituted derivatives of benzoic acid have been summarized 
by Zimmerman and Hitchcock (16) and Miller (7). Minarik, et al. 
(8) reported that the benzoic acid derivatives were more persistent 
in plants than was 2,4—-D. Shaw and Swanson (13), Shaw (11), and 
Shaw, Gentner, and Jansen (12) included several chloro-substituted 
benzoic acids in preliminary herbicide evaluation tests. They indi- 
cated that 2,3,6—trichlorobenzoic acid (2,3,6-—TBA) was more active 
than other derivatives of the acid. However, they also reported that 
when equivalent weed control was obtained, there appeared to be 
little or no difference in the selectivity of the various derivatives and 
formulations. They suggested that, due to the high initial herbi- 
cidal activity and the persistent action of these compounds, they 
might hold promise for pre-emergence weed control, the control of 
woody plants, and weed control by soil sterilization. They indicated 
that corn and gladioli showed excellent tolerance to pre-emergence 
applications of the chlorobenzoic acids, but all other crops, with the 
possible exception of sorghum, were susceptible. 


‘Cooperative investigations by the Crops Research Division, ARS, USDA and 
the Kansas Agricultural Experiment Station. Contribution No. 127, Ft. Hays 
Branch, Kansas Agricultural Experiment Station, Hays, Kans. 

*Research Agronomist, Crops Research Division, Agricultural Research Service, 
United States Department of Agriculture. 
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Much of the reported weed control research with these compounds 
has been mg er pre-emergence applications on crops, par- 
ticularly corn (1, 14). Numerous tests have also been conducted 
to determine the phe ate on of the materials for the control of 
perennial weeds (2, 3, 4, 9, 15). Rates of application have varied 
from one to one hundred or more pounds per acre. Only a few 
publications have included data on the residual action of the chlor- 
inated benzoic acid compounds. Derscheid (3) reported that TBA 
applied in September of 1956 caused a reduction in oat yields in 
1957. Derscheid and Nash (4) applied up to 6 pounds TBA per acre 
on May 17, 1955. Corn planted May 26, 1955 was not seriously 
injured. Buchholtz (2) indicated that 2,3,6-TBA was moderately 
toxic to corn planted about 10 days after applications of 4 and 8 
pounds per acre. He also reported that 2,3,5-TBA and 2,3,5,6-TBA 
gave no evidence of toxicity to corn when applied at 4 Ib/A. Selleck 
and Alex (10) show the relative susceptibility of several weed species 
to 2,3,6-TBA. 


MATERIALS AND METHODS 


Duplicate plots which had been treated previously with benzoic 
acid derivatives were sampled in January, 1958. Two chemicals were 
included. One was the sodium salt of a compound consisting of 
approximately 60% 2,3,6-trichlorobenzoic acid. Although other 
isomers were present in the product, it will be referred to as 
?,.3,6-TBA. The other chemical was an emulsifiable oil formulation 
of polychlorobenzoic acid (PBA), consisting primarily of several 
isomers of dichloro, trichloro, and tetrachlorobenzoic acids. Plots 
treated with 2,3,6-TBA at 15 and 30 pounds per acre on May I], 
1955, and October 18, 1955, 16 and 24 pounds on November 13, 
1956, and 16 pounds on June 3, 1957, were sampled. The only 
available direct comparison between 2,3,6-TBA and PBA was on 
plots treated on November 13, 1956. Plots treated on that date with 
24 pounds per acre of PBA were sampled. 

The soil in the experimental area was classified as a Crete silty 
clay loam and had a silty clay loam topstol and a clay loam sub-soil. 
Samples were obtained with a power operated soil coring machine. 
Soil cores were removed to a depth of 6 feet. Two such cores, each 
approximately 34 inch in diameter, were removed from each plot. 
Ihe cores were sectioned into one-foot lengths and the corresponding 
foot sections of each core were pulverized and intimately mixed. 
\fter mixing, the soil was placed in cans approximately 314 inches 
in diameter and 21% inches deep. In order to prevent leaching, no 
holes were punched in the bottoms of the cans. 

Garden beans (Phaseolus vulgaris) were planted as a test crop. 
Four bean seeds were placed on the surface of the soil in each can 
and covered with a uniform quantity of fine sand. The beans were 
planted on January 18, 1958 and began emerging on January 24. 
Following emergence, notes were taken at frequent intervals on 
visible effects of the chemicals. A numerical rating system indicated 
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the degree of leaf curling. A score of 100 indicated normal plants, 
50-badly curled leaves, and 0-no visible plants or sprouts. 

On February 13, 1958, all plants were cut at ground level, oven 
dried, and weighed. The dry weight of the plants was used in 
conjunction with notes on growth prior to harvest to formulate a 
growth index. Comparison of notes on average condition prior to 
harvest, average weight, and the calculated growth index, indicated 
that the three methods of presenting data were similar. Figures I, 
2, and 3 give results in terms of average weight per plant of the bean 
plants harvested. Pictures shown in Figures 4, 5, and 6 illustrate 
the results more graphically than the numerical data. 
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Figure 1. Average dry weight per plant of beans grown in soil 
previously treated with 15 or 16 Ib/A 2,3,6-TBA, sampled 
January, 1958. 
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Figure 2. Average dry weight per plant of beans grown in soil 
previously treated with 2,3,6-TBA. Data are averages of three 
treatment dates, May 11, 1955, October 18, 1955 and November 
13, 1956. 


RESULTS 


Factors on which data are available include: (1) the movement 
and persistence of the residual activity of these benzoic acids in a 
Crete soil, (2) the effect of rate of application on their residual activ- 
ity and (3) a comparison of the initial and residual activity of 
2,3,6-TBA and PBA. 

Figure | shows the average dry weight of bean plants harvested 
from the cans containing soil from plots treated with 15-16 lb/A 
2.3,6-TBA. Also shown are the average weights of plants grown on 
untreated soil taken from the indicated depths. There was no appar- 
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Figure 3. Average dry weight per plant of beans grown in soil 
treated November 13, 1956 with 2.3,.6—TBA or PBA. 


ent difference in the bean plants growing on untreated soil, regard 
less of the depth from which it was obtained. Soil from plots treated 
May I1, 1955, October 18, 1955, and November 13, 1956, produced 
bean plants of similar size. This was particularly true in the uppe! 
four feet of soil. It appears that the herbicide applied in May, 1955, 
had leached to a slightly lower depth than on other dates. In no 
case was there indication of large amounts of the chemical in the 
sixth foot of soil. Although application of 2,3,6-T'BA made June 3 
1957, caused a similar growth pattern, the overall toxicity of this 
treatment did not appear to be as serious as that caused by the earliet 
treatments. Figures 4 and 5 show bean plants growing in soil taken 
from field plots treated on the four indicated dates. 
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Figure 4. Beans growing in successive feet, as indicated. of soil 
from plots treated with 15-16 lb/A 2,3,6-TBA. Dates of treat 
ment were: 40—May I1, 1955, 213—October 18, 1955, 80-Novembe1 
13, 1956 and 162—June 3, 1957. Sampled January, 1958. 


Figure 2 shows the combined average weight of bean plants 


harvested from soil treated with two rates of 2,3,6-TBA May 11, 
1955, October 18, 1955, and November 13, 1956. The higher rate 
resulted in an increase in the herbicidal activity remaining in the 
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Figure 5. Beans growing in successive feet, as indicated, of soil from 
plots treated with 15-16 Ib/A 2,3,6-TBA. Dates of treatment were 
40—May 11, 1955, 213—October 18, 1955, 80-November 13, 1956 and 
_ 162-June 3, 1957. Sampled January, 1958. 


soil, but otherwise the two rates caused similar reactions. Figure 6 
middle shows bean growth in soil treated with 24 lb/A 2,3,6-TBA. 
Not all plots exhibited such severe symptoms but the figure illus 
trates the general pattern of chemical effect. Of the plots sampled, 
only those treated with 24 or 30 Ib/A 2,3,6-TBA retained sufficient 
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Figure 6. Bean plants growing in one foot increments of soil (left to 
right: no treatment, Ist, 2nd, 3rd, 4th, 5th, and 6th foot) from 
plots treated November 13, 1956 and sampled January, 1958. 
Top, (80), treated with 16 Ib/A 2,36-TBA; middle, (41), 24 
Ib/A 2,3,6-TBA; bottom, (42), 24 Ib/A PBA. 


residual toxicity to interfere with germination and emergence ol 
the beans. 

Figure 3 shows the results obtained when beans were grown in 
soil which came from plots treated in November, 1956. It is readily 
noted that 24 lb/A 2,3,6-TBA caused virtually complete failure of 
beans planted in the second and third feet of soil. Only limited bean 
growth occurred in the first and fourth feet. Nearly normal growth 
was produced in the fifth and sixth feet of soil. The 16 Ib/A rate of 
2,3,6-TBA caused a similar growth pattern, but the injury was not 
so severe as with the higher rate. Figures 3 and 6 indicate that, at 
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most depths, 16 lb/A 2,3,6-T'BA had a greater degree of herbicidal 
activity than 24 Ib. PBA. This level of activity substantiates earlier 


observations by Phillips (9) concerning the relative degree of bind- 
weed control by the two materials. 


DISCUSSION AND CONCLUSIONS 


Table 1 gives ~3 rainfall data for Hays, Kansas, for the years 
1955, 1956, and 1957. It may be noted that, except for September, 
1955, the period rho January, 1955, to March, 1957, was dry. Rains 
received in September, 1955, caused moisture to penetrate the dry 
soil to a depth of about three feet. Following that time severe 
drought conditions existed until the spring of 1957; thus, it appears 
doubtful that any of the chemicals applied after September, 1955, 
could have been leached below the surface | or 2 feet prior to the 
1957 growing season. Beginning in March, 1957, adequate precipi- 
tation was received for a period of several months. During 1957, 
some moisture penetrated to comparatively deep levels in the soil. 
At the time of sampling for this experiment, the soil contained some 
moisture throughout the entire six feet. 


Table 7. Precipitation by months at Hays, Kansas during 1955, 1956, and 1957 


Month 


Year Total® 
' 1 
Jan. | Feb. | Mar | Apr. | May! June! July | Aug. | Sept.) Oct. | Nov. | De« 
Inches of precipitation 
1955 | 0.45| 0.64 | 0.15 | 3.01 | 2.48 | 3.70 | 2.09 | 0.51 | 7.63 | 0.16} 0.09 | 0.25 21.16 
1956 | 0.63 | 0.60 | 0.17 | 1.28 | 1.42 | 0.38 | 2.79 | 1.07 | 0.06 | 0.74 | 0.05 | 0.02 9.21 
1957 0.19 | 0.11 | 2.44 | 2.14 | 4.08 | 6.74 | 3.11 | 3.92 | 3.49 | 1.22 | 0.80 0.09 28.33 


*90-year average is 22.84 inches. 


The striking similarity of the curves in Figure | indicate that the 
length of time 2,3,6-TBA had been applied to the soil did not 
greatly affect the residual toxicity of the chemical. Although little 
specific information is available concerning the breakdown of the 
chloro-substituted derivatives of benzoic acid in the soil, the data 
presented show that much of the remaining toxicant had been dis 
tributed through a depth of about 4 feet of soil. 

The curves shown in Figures | and 2 suggest a logical explanation 
for the condition of the sorghum which grew on the plot area. 
Reports from Shaw et al. (12) and observations made in the green- 
house in connection with this study indicate that sorghum has some 
tolerance to the benzoic acid herbicides. It is concluded that, 
although beans were affected in the greenhouse, the herbicide was 
not present in the upper 2 feet of soil in sufficient quantities to 
greatly affect the sorghum in the field. The crop was planted on 
June 6 and sufficient rainfall was received during June and July to 
provide adequate moisture for crop growth. During the latter part 
of July and early August, the crop exhibited some drought stress. 
It is presumed that during this period of stress, the sorghum roots 
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penetrated more deeply and reached the zone of greater chemical 
concentration. 

It may be concluded that, under conditions of the field and 
greenhouse experiments described, chloro-substituted derivatives of 
benzoic acid, or phytotoxic products of their breakdown, are quite 
persistent in the soil. It appears that it would be impossible to grow 
sensitive crops for a considerable period following application of 
these chemicals at rates necessary for soil sterilization. 


SUMMARY 


Soil samples were taken in January, 1958, from plots treated with 
15 to 30 Ib/A 2,3,6-trichlorobenzoic acid (2,3,6-TBA) on May 11, 
1955, October 18, 1955, November 13, 1956, and June 3, 1957, and 
from plots treated with 24 Ib/A of a polychlorobenzoic acid (PBA) 
on November 13, 1956. Samples were taken to a depth of 6 feet 
and beans were planted in each one foot increment of soil. Emer- 
gence, growth abnormalities, and size of bean plants were noted as 
measures of the residual herbicidal activity of these materials. 

The length of time between application of 15-16 Ib/A 2,3,6-TBA 
and soil sampling did not greatly affect the disappearance or dis- 
tribution of the herbicide. Most of the residual activity was concen- 
trated in the second, third, and fourth feet. Higher rates of 2,3,6- 
TBA, 24 or 30 Ib/A, were carried to the same depths, but the effects 
on the beans were more severe. 

Soil from all depths sampled on plots treated in November, 1956, 
with 24 Ib/A PBA was less toxic to beans than soil from plots 
treated with 24 Ib/A 2,3,6-TBA. At most depths, 16 Ib/A 2,3,6-TBA 
caused as much or more damage to beans than did 24 lb/A PBA. 
None of the treatments appreciably affected beans grown in the 
sixth foot of soil. 

Precipitation during much of 1955 and 1956 was not sufficient 
to wet the soil more than 2 to 3 feet below the surface. The toxicant 
in the treated plots could not have been leached deeply into the soil 
until the high rainfall during 1957. 
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The Translocation of 2,4-D-1—C"™ in Potamogeton 
pectinatus, a Submersed Aquatic Plant’ 


F. D. AvLpricH? and N. E. Orro?® 


INTRODUCTION 


HE question of direction and rate of movement of herbicidal 

chemicals in aquatic plants often arises in considering effective 
methods of chemical control for plants of this type. Results obtained 
from studies of solute movement within terrestrial plants are not 
directly applicable to totally submersed aquatic species for two 
reasons: a) A liquid medium, in which dissolved substances may 
be distributed uniformly, surrounds all parts of the aquatic plant, 
and b) Vascularization is minimal in leaf and stem tissues of sub- 
mersed aquatics. Reports of experiments yielding quantitative data 
on translocation patterns in submersed aquatic plants are rare or 
nonexistent. It is probable that mechanical difficulties encountered 
in separating root systems from leaf or stem tissues of submersed 
plants have been of greater hindrance to translocation experiments 
with aquatic species than any other factors. 

The early work of Pond (4) suggested that roots of Anacharis 
(Elodea) serve for absorption of nutrients as well as for anchorage 
in substratum, as evidenced by retarded mineral uptake in non- 
rooted plants. Oborn et al. (3) reported that radioactive 2,4—-D moved 
from the point of application to rhizomes of Potamogeton nodosus 
and Typha latifolia. These plants, while considered as typical of sub- 
mersed and emergent aquatics, respectively, have floating or aerial 
leaves which serve as convenient loci of treatment in experimental 
work. Recent compilations (2) indicate that the root systems of sub- 
mersed aquatics may serve primarily as anchoring devices or peren- 
nating organs. 

Prerequisite to any successful experiment intended to measure the 
uptake and translocation of solutes by submersed aquatic plants is a 
means of isolating the root system from stem and leaf tissues while 
maintaining optimum fluid environments for each phase. Various 
materials and techniques were explored in an attempt to accomplish 
this. One satisfactory method is described here, together with some 
experimental results obtained from measurements of translocation 
of carboxyl-labeled 2—4-dichlorophenoxyacetic acid (2,4—D-—1-C") 
in Potamogeton pectinatus (Sago pondweed). 

‘Contribution of the Crops Research Division, ARS, USDA, in cooperation with 
the Bureau of Reclamation, U.S. Department of the Interior, Denver, Colorado. 

*Plant physiologist, Crops Research Division, ARS, USDA. Present address: 
School of Medicine, Western Reserve University, 2109 Adelbert Road, Cleveland 
6, Ohio. 


*Plant physiologist, Bureau of Reclamation, U.S. Department of the Interior, 
Denver, Colorado. 
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METHODS 


The extreme elastic properties of thin latex membranes were 


found to be adaptable for sealing root systems from upper stem and 
leaves of P. pectinatus plants (Figure 1). 





Figure 1. Latex membrane assemblies with plants and buffer 
solutions in place. 


‘The membranes were first stretched tightly over the mouth of a 
180-ml Berzelius (tall pattern) beaker. The exact center of the 
stretched membrane was lightly perforated with the point of a red- 
hot, sharpened needle, making a hole approximately one millimeter 
in diameter. A ring of silicone grease was applied to the edge of the 
hole by gently twirling a greased cotton swab over the orifice. The 
membrane was then removed from the beaker, whereupon the hole 
either closed completely or presented only a pinpoint-sized opening. 

Plants averaging 8 inches in length and devoid of tubers were 
selected from regrowth arising from a mature parent clone. To 
assemble a plant to a membrane, the latter was stretched carefully 
between the hands to enlarge the perforation to approximately 3 
mm. diameter. The single plant, leaves first, was threaded through 
the opening. When the junction between green stem tissue and 
chlorotic root was located at the orifice, the membrane was released. 
The hole contracted to surround the stem, forming a seal lubricated 
by the thin ring of silicone grease. The inner part of the membrane, 
containing leaves, was filled with water and the sealing edge of the 
hole examined for leakage. No seepage was apparent if the plant 
stem was uniformly round and smooth, and if the hole in the mem 
brane had not been torn or otherwise damaged during insertion of 
the plant. This assembly required two operators. 
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Fifty ml of pH 7.4, 0.025 M phosphate buffer were introduced 
into a 180-ml tall beaker. The root system external to the membrane 
was lowered into this solution. The upper part of the membrane 
was rolled back over the lip of the beaker to fasten it in place. 
Another 50 ml of buffer solution were placed in the inner part of 
the membrane to surround the leaves. 

Two checks were made on the efficiency of the sealing membrane. 
First, methylene blue dye was placed in the inner phase of the 
assembly to test the durability of the seal between stem and mem- 
brane. Observations for five days revealed no visible leakage of color 
past the stem into the lower solution. A second check was designed 
to measure the migration of radioactive 2,4-D across an intact 
membrane. Ten microcuries of 2,4-D-—1—C™ were placed in the outer 
phase of one assembly and a similar quantity in the inner phase ol 
another one. One-ml aliquots of solution from the inner and outer 
phases of each assembly were removed at intervals of 8 and 72 hours, 
transferred to stainless steel cup planchets, dried, and assayed for 
total radioactivity (Table 1). It is apparent that a small amount of 
migration did occur across the latex membranes, but was of slight 
significance in eight hours. At 72 hours, the non-treated phases 
showed activities which were deemed to be excessive for reliable 
results with plant material. Consequently, the exposure periods were 
limited to a maximum of 24 hours. 


Table 71. Loss of 2,4-D-—1-—C" across latex membranes. 


Counts per minute in 1 mi.* 


Path of flow 8 hours 72 hours 
Inner Outer Inner Outer 
Outward 150,300 46 160,000 720 
Inward 43 171,600 594 172,000 


*Radioactivity (c.p.m.) in 1,0-ml. aliquots of buffer solution (pH 7.4, 0.025 M) withdrawn from 
treated and untreated phases of latex membrane assemblies. Membranes were intact 


After the plant-and-membrane assemblies were completed, three 
sets of plants were treated in duplicate, two each in the inner phase 
(leaves) and two each in the outer (root) phase. A total of 12 treat- 
ments were made, comprised of six sets of duplicate treatments. One 
ml of solution containing 3.5 microcuries of 2,4-D-—1—C™ was intro- 
duced into each assembly with a hypodermic syringe and 22-gauge 
needle. At intervals of 6, 12 and 24 hours, two each of the leaf-fed 
and root-fed plants were harvested. The plants were rinsed thor 
oughly in running water, blotted to surface-dryness between several 
layers of filter paper, and cut at the point on the stem surrounded 
by the membrane seal. Root and stem (leaf) tissues were weighed 
separately, placed between blotters, and air-dried. 

A Pregl ignition method was used to burn each dry root and leaf 
sample in a stream of oxygen at 1000°F. Evolved CO,—C™O, was 
trapped in 0.2 N NaOH and precipitated with 0.5 N BaCl, in 0.4 N 
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NH,CIl. This procedure yielded carbonate samples representing total! 
radioactivity present in each tissue sample. 

Carbonate discs were prepared by filtration on filter paper circles 
mounted on a sintered-glass filter. 

The discs, after drying and heat treatment, were assayed in an 
alpha-beta-gamma proportional counter employing a still gas atmos- 
phere of 10% methane and 90% argon, at a chamber potential 
1800 volts. 


RESULTS 


Figure 2 illustrates the specific activity (c.p.m./mg. fresh wt.) 
obtained from pairs of root and leaf samples at 6, 12, and 24 hours. 
This method of presenting results places each sample on an identical 
basis, even though sample weights may vary within wide limits. No 
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HOURS OF EXPOSURE 
Figure 2. Specific activity of root and leaf samples of P. pectinatus 
at increasing intervals of exposure to carboxyl-labeled 2,4—-dichloro 
phenoxyacetic acid. 


attempt was made to determine and plot the percentages of radio- 
active material taken up or translocated. In previous work with 
terrestrial plants and with emergent aquatics (1,3) applications were 
made in a single spot with measured quantities of material, permit- 
ting ready calculation of uptake and distribution of radioactivity 
throughout various plant organs. 

From the data obtained, it is quite clear that basipetal movement 
of radioactivity was much more rapid than that in an upward direc- 
tion. This is shown in Figure 2 as a nearly horizontal plot of specific 
activity in leaf tissue from root-fed plants, and as a steeply-rising 

value for roots from leaf-fed plants. 

Accumulation of radioactivity in roots was marked in plants 
receiving 2,4-D-1-—C"™ from either route. These observations concur 
with those made on many types of terrestrial plants and on Typha 
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and P. nodosus. In view of the small amount of vascular tissue 
present in most submersed aquatic plants, it is interesting that 
downward movement of materials is as extensive as the present 
data indicate. 

SUMMARY 


Thin latex membranes were used to isolate roots from upper 
stem and leaf tissue of Potamogeton pectinatus in order to permit 
application of carboxyl-labeled 2,4—-D to each system separately. 
Individual plants were fed with this compound for intervals of 6, 
12 and 24 hours, harvested and assayed for specific activity in root 
and leaf tissues. 

Data indicate that movement of radioactivity was primarily in a 
downward direction in plants receiving 2,4-D-1—C™ in leaves. In 
both root-fed and leaf-fed plants, accumulation of radioactivity was 
more extensive in roots than in leaves. 
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The Absorption and Translocation of C''-Labeled Simazia 
by Corn, Cotton, and Cucumber 


D. E. Davis, H. H. FUNpDERBURK, ]R., and N. G. SANsING! 


—. 2—chloro—4,6—bis(ethylamino)-s-triazine, is a relatively 
new herbicide that has shown much promise for pre-emergence 
weed control in corn (3,4,7). It is a white crystalline compound with 
a solubility of 5 ppm in water and 900 ppm in chloroform. This 
compound is non-flammable, non-corrosive, and has an acute oral 
toxicity greater than 5 g/kg for mice. Simazin is said to be highly 
toxic to cucumber, of intermediate toxicity to cotton, and non-toxic 
to corn.” Schneider (6) reported it to be effective only when absorbed 
through the root system. This study was begun to determine whether 
the differences in susceptibility of these plants and the limitation 
of effectiveness of simazin to the root system could be correlated 
with its absorption and translocation. 


MATERIALS AND METHODS 


The absorption and translocation of radioactive simazin® was 
studied in corn, cotton, and cucumber. The simazin was tagged with 
C™ at the 2, 4, and 6 positions in the triazine ring and had a specifi 
activity of 0.83 mc per mM. A 100 ppm simazin suspension was pre 
pared by mixing 0.1 mc (24.2 mg) of the labeled material with 242 
ml of water. Water-culture nutrient solutions were treated with 20 
ml of this suspension for each 500 ml bottle, giving cultures with 4 
ppm simazin. Radioassay of the cultures established that the activ- 
ity was comparable in each bottle and evenly distributed through 
out the bottles. 

Two radioassay procedures were used in each experiment in this 
study. The first was counting in a gas-flow Geiger counting assembly 
and the second was autoradiography. In the usual method of auto 
radiography, the roots were separated from the shoot and processed 
separately. The roots were rinsed, blotted with paper toweling, and 
dried and pressed in a conventional plant age The stem and leaves 
were also pressed and dried in a like manner. A freeze-dry technique, 
such as described by Crafts (1), was used in two experiments dealing 
with the effect of time on the absorption and translocation of 
simazin. The plants, whether dried while frozen or in the conven- 
tional manner, were then mounted on heavy paper, covered with 
Saran Wrap, and placed in contact with no-screen X-ray film for the 
214-week exposure period. There were check plants for each treat- 
ment in each experiment. 

The plants for these studies were grown either in nutrient culture 
or in soil in 4-in pots. All experiments conducted in nutrient culture, 
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with the exception of those dealing with time, were run in dupli- 
cate, whereas the experiments conducted in soil were replicated 
three times. The nutrient culture was continuously aerated and was 
Solution 2 described by Hoagland and Arnon (2). The plants were 
germinated in moist sand, and transferred to nutrient culture about 
| week after planting. After the plants were growing well, they were 
transferred to similar nutrient solutions containing radioactive 
simazin. Daily additions of deionized water maintained the nutrient 
culture level. At the end of each experiment, all simazin-containing 
solutions were mixed together and refrigerated until used again for 
the next experiment. New radioassays were made each time to ensure 
adequate levels of activity and uniform simazin distribution among 
the bottles. 

The first three experiments were conducted to establish the rela- 
tive tolerances of the test plants and the nature of absorption and 
translocation of simazin by the three different species. In Experi- 
ment | the plants were kept in nutrient culture for 2 days and in 
the simazin solution until injury symptoms appeared. This was 4 
days for cucumber, 6 days for cotton, and 15 days for corn, although 
no injury except stunting occurred to the latter species. In Experi- 
ment 2 the plants were kept in the nutrient solution for 9 days, and 
the period in simazin solution was 4 days for cucumber and 5 days 
for cotton and corn. In Experiment 3 the plants were kept in 
nutrient solution for 5 days and all 3 species in simazin solution for 
t days. In all three experiments the plants were harvested and dried 
in a plant press as described previously. A 1 x 3 cm sample was cut 
from the dried roots and leaves for counting prior to auto- 
radiography. 

The next three experiments dealt with the effect of the length 
of time in simazin solution on its absorption and translocation. 
Experiment 4 used corn only and the time intervals were 2, 4, and 
6 days. Experiment 5 was a continuation of 4, the time intervals 
being |, 2, 4, 8, 10, and 24 hours. In Experiment 6 cucumber was 
used instead of corn with time intervals of 0.5, 1, 2, 4, and 18 hours. 
The freeze-dry procedure was used in all three of these experiments. 

The two following experiments involved absorption and translo- 
cation of simazin from a Norfolk sandy loam soil. In Experiment 7, 
simazin at 3 lb/A was applied to the soil surface after the three 
different crops were planted. The pots then were subdivided into 
two groups, half being watered from above by a | in simulated rain 
and the balance subirrigated. All plants were harvested 17 days 
after planting. At the completion of the experiment, all soil was 
composited and the simazin thoroughly mixed through the soil for 
use in Experiment 8. This experiment was the same as 7, except 
that all pots were watered from below and only cotton and corn 
were used. 

Three additional experiments dealt with foliar absorption and 
translocation of simazin. Experiment 9 compared absorption by 
leaves of corn plants whose roots were in nutrient culture with the 
foliar absorption of plants whose roots were in 5 per cent NaCl 
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solution. The tip 3 inches of the third leaf were placed in 4 ppm 
simazin solution containing a | per cent surfactant, Trend. This 
leaf and root treatment was maintained for 30 minutes. The leaves 
were then rinsed and all roots placed in normal nutrient solu- 
tion for another 20 hours before harvesting. Experiment 10 used 
the same procedures, except that the corn leaves were held in radio- 
active simazin solution for 24 hours prior to being exposed to the 
two root treatments for an additional hour and 20 minutes. Experi- 
ment I! used all three plant species and compared absorption and 
translocation through intact leaves with that through leaves whose 
upper surfaces were lightly scratched with fine sandpaper. The leaves 
were submerged in simazin solution for 48 hours. 

Experiment 12 was concerned with chloroform extraction of C'- 
tagged simazin and/or other tagged soluble compounds from the 
dried corn, cotton, and cucumber plants grown in Experiment 2 
The activity of a leaf from each species was measured and the leaves 
were then ground individually using a mortar and pestle with acid- 
washed sand and chloroform. The ground material was placed in 
a Seitz filter and washed several times with chloroform. Forty ml 
of chloroform were used for the grinding and washing procedure. 
The filtrate was evaporated so that only 2 to 5 ml remained and 
the activity was determined for a | ml aliquot. 


RESULTS AND DiscussION 

The radioactivity present in random leaf samples from Experi- 
ments I, 2, and 3 is given in Table 1. If the activity recorded in the 
leaves is proportional to the amount of simazin absorbed by the 
plant, then the following inferences can be made. First, there is no 
obvious correlation between susceptibility and the amount of simazin 
absorbed by the plant. Second, the concentration of simazin appar- 
ently continues to rise in the plant for a considerable period of time. 
Since the radioactivity present in the leaves may be simazin or C'*- 
labeled degradation products and since the activity translocated to 
the leaves may not be proportional to that absorbed, the above con- 
clusions are subject to possible modifications. 


Table 1. The effect of time in radioactive simazin solution and species of plant 
on the radioactivity of leaf samples. 


Experiment number Days in Plant Counts per 
simazin solution minute 
Exp. 1 15 Corn 7.720 
6 Cotton 6,930 
Cucumber 2,970 
Exp. 2 5 Corn 2,720 
5 Cotton 3,720 
4 Cucumber 5. 480 
Exp. 3 4 Corn 630 
4 Cotton 270 
4 Cucumber 680 
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The distribution of simazin or its C'-labeled degradation products 
in the leaves of the test plants is shown in Figure |. These auto- 
radiograms are from plants in the third experiment, but are similar 
to those from Experiments | and 2. There is a marked tendency 
toward marginal accumulation in the susceptible cucumber as 
opposed to the general distribution in the non-susceptible corn. 
Cotton is intermediate both in degree of susceptibility and in 
tendency toward localized distribution of the chemical. The heavy 
accumulation of radioactive material in the leaf margins of cucum- 
ber is closely correlated with the development of necrosis in this 
area, and would seem to indicate that the radioactive material is 
simazin or a biologically active degradation product. Conversely 
the activity in corn would be presumed not to be simazin since it is 


C «a 


Figure 1. The distribution pattern of simazin or C*-labeled degradation 
products in (A) cotton, (B) cucumber, and (C) corn, after 4 days 
in tagged simazin solution. 
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not biologically active and since its distribution pattern is different 
from that in cucumber. The work of Roth (5) on the degradation 
of simazin by expressed corn sap substantiates this supposition. The 
spotty distribution of activity in cotton is apparently caused by an 
accumulation of radioactive material in the lysigenous glands present 
in the stem and leaves of this plant. The marginal accumulation 
in cucumber and in the glands of cotton may indicate that simazin 
is largely a xylem mobile compound. If the glands are sites of high 
transpiration and if simazin does not move readily from the xylem 
into the interveinal areas, then it would be swept along in the 
transpiration stream and accumulate at the edges, glands, and othe 
sites of high transpiration. This would explain the burning of leaf 
edges characteristic of simazin injury. 

The response of the crops to simazin in Experiment | confirmed 
the previously reported relative susceptibilities. There was, however, 
stunting of corn by simazin, which has not been reported. Corn that 
had been in the simazin solution for 17 days averaged 18 inches tall 
as compared with 29 inches for the check. The stunting effect was 
less in the other two experiments where the time in simazin solution 
was shorter. These values were 20 inches for the check versus 18 for 
the simazin solution in Experiment 2 and 22 inches versus 16 for 
Experiment 3. 

The radioactivity present in random leaf samples from Experi 
ments 4, 5, and 6 is given in Table 2. Simazin is apparently absorbed 
readily by the roots of both corn and cucumber. Radioactivity is 
observable in the leaves of corn after 8 hours and in cucumber after 
0.5 hour. There appears to be some tendency for the absorption 
curve to flatten out after 4 days. This may merely reflect decreasing 
concentration of simazin in the nutrient solution or may involve 
loss of activity from the plant in the form of C'-labeled CO,. There 
was little or no increase in activity when the time in simazin solution 
was increased from 8 to 18 or 24 hours. The longer exposures 


Table 2. The effect of time on the uptake of simazin by corn and cucumber as 
measured by the radioactivity of leaf samples. 


Experiment number Time in Plant Counts per 

simazin solution minute® 
Exp. 4 2 days Corn 900 
4 days Corn ? 200 
6 days Corn ? 600 
Exp. 5 1 hour Corn 0 
2 hours Corn 0 
4 hours Corn 0 
8 hours Corn 220 
10 hours Corn 265 
24 hours Corn 16¢ 
Exp. 6 0.5 hour Cucumber 35 
1 hour Cucumber 180 
2 hours Cucumber 189 
4 hours Cucumber 1,100 
8 hours Cucumber 1.940 
18 hours Cucumber 1,140 

*The counts are averages from two samples in Experiments 4 and 6 and from a single replication 


in Experiment 5. 
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involved a night period, one of low transpiration, whereas all shorter 
periods were in full daylight. This suggests again that simazin prob- 
ably moves through the xylem with the transpiration stream. 
The effect of time on distribution and concentration of simazin, 
or a biologically active degradation product, in the leaves of cucum- 
ber is shown in the autoradiograms in Figure 2. These autoradio- 
grams were made from plants subjected to the freeze-dry technique. 
The corn plants in Experiment 4 were dried in the conventional 
manner and the autoradiograms were similar to that of corn in 
Figure 1. The corn plants in Experiment 5 were subjected to the 
freeze-dry technique, but shattered so badly that no autoradiograms 
were made. A study of figure 2 shows that the radioactive material 
reached the leaf within 30 minutes and that the characteristic 
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Figure 2. The distribution pattern of simazin or C-labeled degradation 


products in cucumber after: (A) 0.5 hr., (B) 1 hr., (C) 2 hr., (D) 
t hr., (E) 8 hr., (F) 18 hr. in tagged simazin solution. 
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marginal accumulation had commenced within 8 hours. Since these 
had been subjected to the freeze-dry technique, this was not an 
artifact induced by movement during drying. The activity was first 
limited to the veins but later became primarily interveinal. The 
simazin apparently moved up through the xylem and out into the 
interveinal area where it accumulated. 

The effect of the simulated rainfall, plant species, and method of 
application of radioactive simazin to the soil on the radioactivity in 
plant leaves is shown in Table 3. When radioactive simazin was 
applied to the soil surface, simulated rainfall increased the radio- 
activity in the leaves as compared with that in subirrigated plants. 
Apparently surface watering increased the simazin in the root zone 
and hence its absorption. Cotton leaves have significantly more 
activity than corn leaves growing in the same pot. This could be a 
result of less absorption by the corn piant, less mobility of the 
degradation products in corn, or a loss of activity from the plant as 


Table 3. The effect of simulated rainfall, plant species, and method of applica- 
tion of simazin on its absorption from soil as measured by radioactivity in 
leaf samples. 


Treatment 


Experiment number — Plant Counts per 
Simazin Water minute® 
application application 

Exp. 7 Surface Surface Corn 23 
Surface Surface Cotton 595 
Surface Subirrigation Corn 6 
Surface Subirrigation Cotton 10 

Exp. 8 Incorp. Surface Corn 36 
Incorp. Surface Cotton 157 
Incorp Subirrigation Corn 8 
Incorp. Subirrigation Cotton 20 


*No cucumber lived long enough to provide a 1 x 3 cm sample and hence is not included 


radioactive carbon dioxide. More radioactivity was found in the 
leaves of the plants in Experiment 7 where the simazin was applied 
to the surface than in Experiment 8 which used the same soil but 
mixed the simazin throughout. This decreased absorption probably 
resulted primarily from two things. First, some simazin was removed 
by the plants in the first experiment and second, the mixing process 
brought the simazin into contact with more clay colloids where 
adsorption could occur. The autoradiograms made from these two 
experiments showed the same leaf accumulation patterns for plants 
grown in the soil as for those grown in nutrient solution. 

The effect of various treatments on the foliar absorption of 
simazin are given in Table 4. It has been reported that simazin is 
not effective as a foliar spray. This could be the result of either a 
failure in absorption or translocation. The limitation to absorption 
would be expected to be the cuticle. Failure to translocate down- 
ward might be because the material is not phloem mobile and moves 
only in the xylem with the transpiration stream. 
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Table 4. The effect of various treatments on the foliar absorption of simazin by 
corn, cotton, and cucumber. 


Counts per minute 


Experiment number Treatment Plant ~ 
Leaf above Leaf below 
treated leaf | treated leaf 

Exp. 9 Roots in 5% NaCl sol. | 
for 0.5 hour Corn 0 ® 
Roots in nutrient 
solution Corn 0 
Exp. 10 Roots in 5% NaCl sol. 
for 1.33 hour Corn 0 
Roots in nutrient 
solution Corn 0 
Exp. 11 Sanded Corn 0 0 
Not sanded Corn 0 0 
Sanded Cotton 144 66 
Not sanded Cotton 0 0 
Sanded Cucumber® 773 375 
Not sanded Cucumbert 134 18 


*No radioassay made 
Leaves in simazin solution died. 


In Experiments 9 and 10 an attempt was made to reverse the 
transpiration stream in corn by having the roots in a strong salt 
solution and the leaves in simazin solution of low osmotic pressure. 
No simazin was detected in the leaves in either experiment. A sup- 
plementary experiment established that simazin could be moved 
in either direction in an excised segment of the corn leaf by reversing 
the absorbing and transpiring ends. A second supplementary experi- 
ment used split root systems of corn and cucumber. If simazin was 
applied to one half of the root system, radioactivity was detectable 
in the other half in 24 hours, but the amount was relatively small. 

In Experiment 11 simazin was applied to leaves whose surface 
had been lightly sanded to break the cuticle and to unsanded plants. 
All sanded leaves absorbed appreciable amounts of simazin in 48 
hours. The radioactivity was detectable both in the leaves above 
and below the treated leaves in cotton and cucumber. Radioactivity 
in corn was present only in the treated leaf, but was present beyond 
the actual site of simazin application. When the leaves were not 
sanded, no activity was found in the leaf above or below the treated 
one, except in cucumber where there was a small amount. This may 
have been partially associated with the death of these leaves in the 
simazin solution. No other leaves were killed. These experiments 
indicate that the cuticle is a rather effective barrier to the absorption 
of simazin. Simazin will move both upward and downward in the 
plant so it may be slightly phloem mobile as well as xylem mobile. 
Simazin, or the C'*-labeled degradation products, did not move as 
readily in corn as in cucumber. Cotton appeared to be intermediate 
in this respect. 

In Experiment 12 the chloroform-soluble radioactive material was 
compared with the total in the leaves of corn, cotton, and cucumber 
which were grown in radioactive simazin solution. Since Roth (5) 
established that corn sap degraded simazin and since this is a postu- 
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lated mechanism of resistance, it was decided to determine what 
fraction of the radioactivity in the various plant leaves was simazin 
or other chloroform-soluble compounds. The average percentages 
found were: corn 3, cotton 23, and cucumber 64. These averages 
were from 3 separate determinations and the differences are highly 
significant, but the values are only relative since the counts were 
not corrected for self absorption. The leaf samples weighed 1.9 + 
0.3 mg/cm? and thus self absorption would be expected to be 
approximately 25 per cent. Ina parallel test it was found that about 
90 per cent of the simazin added to a ground leaf sample could be 
recovered by the chloroform extraction procedure used in this 
experiment. 


SUMMARY 


1. Carbon'+-labeled simazin, 2—chloro—4,6—bis(ethylamino)-—s-tria- 
zine, was used to study the absorption and translocation of this com 
pound by the roots and leaves of corn, cotton, and cucumber grown 
in nutrient culture and in soil. Radioassay was made with a gas 
flow counter assembly and with autoradiographs. 

2. Simazin was very toxic to cucumber, of intermediate toxicity 
to cotton, and of slight toxicity to corn. The characteristic toxicity 
symptoms in cucumber and in cotton were marginal necrosis of 
the leaf followed by eventual collapse and death of the whole plant. 
The only toxicity symptom in corn was stunting, which was noted 
after a prolonged period in a nearly saturated solution of simazin. 

3. Simazin, or a biologically active C'*-labeled degradation prod. 
uct, accumulated in the edges of cucumber leaves where necrosis 
first occurred. High areas of radioactivity in cotton were the lysig- 
neous glands of the stem and leaves and the edges of the leaves. 
Radioactivity was rather evenly distributed throughout the corn 
plant. The distribution patterns were verified using the freeze-dry 
technique. 

4. The absorption and translocation of simazin from the soil 
followed the same pattern as from nutrient culture. More simazin 
was absorbed from soil that received simulated rainfall than from 
subirrigated soil. 

Simazin or C'+-labeled degradation products moved from the 
roots to the leaves of cucumber in less than 0.5 hour. The radio- 
activity was first confined to the veins, but after 8 hours commenced 
accumulating in the leaf margin and in the interveinal areas. 

6. Simazin moved readily into the roots of all three plants. Almost 
no absorption occurred through the intact leaves, however, simazin 
did enter when the cuticle was broken. 

7. Chloroform-soluble C'-labeled compounds, simazin and 
degradation products, accounted for approximately half of the total 
radioactivity in cucumber leaves, one fourth of that in cotton, and 
one twentieth of that in corn. 
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Control of Certain Aquatic Weeds in Missouri Farm Ponds 


CHARLES R. WALKER! 


INTRODUCTION 


TT? control of submersed aquatic weeds is a major problem in the 
management of Missouri fish ponds. Dense stands of aquatic vege- 
tation in ponds cause serious crowding and stunting of fish popu- 
lations. Recreational values are impaired by the physical interference 
of weeds with fishing and boating. Even more serious are the occa- 
sional partial or complete kills of fish caused by oxygen depletion 
as plants decay. These kills may occur either in summer or winter. 

The improper use of inorganic fertilizers to increase fish produc- 
tion has complicated pond fish management. Many problems con- 
fronting this management practice have led several states to abandon 
fertilizer recommendations or further investigate its problems. Such 
a program of investigation has been pursued in Missouri during the 
past seven years. Direct broadcasting of fertilizer elements into water 
frequently produced undesirable side effects. Stimulation of aquatic 
weed growths resulted in many instances from the accumulation of 
fertilizer nutrients on the pond bottom (2). A new concept of artifi- 
cial enrichment was developed during 1953 and 1954 (3). This was 
the continual addition of water soluble fertilizers and partially 
soluble commercial mixed grades and superphosphate fertilizer by 
means of floating suspension devices. 


FERTILIZER FOR AQUATIC WEED CONTROI 

The suspension devices were of two basic designs. One type was a 
floating platform constructed with an open top which gave free 
access of the water to the fertilizer (Figure 1). This platform, sub- 
mersed about one foot below the water surface, was suspended by 
floats made of five-gallon cans. Superphosphate and high analysis 
mixed fertilizers were dispensed from this device. Another type of 
suspension device was used to distribute water soluble fertilizer 
(Figure 2). This was an inverted can in which air trapped in part of 
the can acted as a float which supported the can and its load of 
fertilizer. The sides of the can were perforated to allow the fertilize 
to be mixed with water and to escape into the pond. Both the plat- 
forms and the cans were anchored, and enough of them were used 
to allow for an even distribution of fertilizer in the pond. One plat- 
form or five cans per surface acre provided satisfactory distribution. 
Water soluble fertilizers were also dispensed from 55-gallon barrels. 
The large containers were used in bodies of water more than one acre 
in area. One barrel per acre gave satisfactory coverage. These tech- 
niques were effective, gave desired results, and required less labor 
than other methods of applying fertilizer. 


‘Biochemist, Fisheries Section, Missouri Conservation Commission. 
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Figure 1. Floating platform type of suspension device used for dispensing mixed 
commercial fertilizers and superphosphates in fishing ponds to increase fish 


production. 
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Figure 2. Floating can type of suspen 
sion device used for dispensing pel 
leted water-soluble fertilizers in 
fishing ponds to increase fish pro 
duction and to control certain aqua 


tic weeds. 
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New techniques were devised to overcome the difhculties of plot 
replication and controls that jeopardize field investigations. One 
useful new technique was that of dividing a pond in half with a 
vinyl plastic curtain (Figure 3). This provided an effective barrie 
between the two halves of the same pond. Use of the curtain facill- 
tated the study of water fertility and fish populations, and provided 
a method by which reliable results could be obtained. 





Figure 3. The barrier used in dividing a pond in half for the purpose of obtain 
ing direct comparison of fishery management practices. The vinyl or poly 
ethylene sheeting is suspended from styrofoam floats and anchored to the 
bottom with sandbags to effect the seal. 


To control submersed aquatic weeds by fertilizer, applications 
must be started in April. The control achieved by using superphos- 
phate and mixed commercial fertilizers dispensed from the floating 
platform was effected by the shading afforded by the plankton bloom 
produced. However, these fertilizers did not always produce a plank- 
ton bloom. Many times they stimulated the growth of undesirable 
filamentous algae instead of the plankton species. The initial appli- 
cation of 100 pounds of 0-—46-0 or 200 pounds of 8-24-8 per acre 
was made from the floating platform. Subsequent applications were 
made at half this rate when the supply was so depleted as to allow 
plankton turbidity to diminish. 

Water soluble ammonium phosphate fertilizer in a pelleted 16- 
20-0 formulation was found to be superior to other fertilizers for 
the control of submersed weeds. Its herbicidal action was different 
from that described above. Instead of killing weeds only by shading, 
the water soluble fertilizer also demonstrated a direct toxicity of the 
ammonium salt to weeds adjacent to the suspension devices. Appli- 
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cation rates of 20 to 35 pounds of 16-20—0 per acre foot produced 
continual plankton blooms of unicellular algae and supported heavy 
populations of animal plankton. This was in contrast to 4—12—4, 
8-—24-8, 0-20—0 and 0-46-0 which were effective only in producing 
periodic plankton blooms. The best initial applications of 16-20—0 
averaged slightly higher than 30 pounds per acre foot dispensed from 
four to five containers per surface acre. These suspension devices 
were recharged at a similar rate about three times during the course 
of the growing season, or whenever the turbidity diminished to the 
point that a shiny tin can lid could be seen at a depth of two feet. 

The use of 16—20—0 water soluble ammonium phosphate fertilizer 
holds promise of increasing fish production and ol ceaedlien certain 
submersed aquatic weeds. Plants which this fertilizer has controlled 
in experimental ponds include pondweeds (Potamogeton foliosus, 
P. filiformis, P. pectinatus, P. diversifolius), muskgrass (Chara), water 
hyssop (Bacopa rotundifolia), and certain filamentous algae (Clado- 
phora, Spirogyra, Hydrodictyon, Microspora, Rhizoclonium, Zyg- 
nema and Ulothrix). However, it must be pointed out that control 
of these aquatic weeds was difficult if fertilizer applications were 
started too late in the season or were allowed to lapse. One species 
of filamentous algae (Pithophora) could not be controlled by ferti- 
lization. 

Ihe particular fertilizer proven most satisfactory for clear waters 
prone to weed infestation was a water soluble 16—20—0 formulation 
of ammonium phosphate. Partially soluble mixed commercial grades 
and superphosphate fertilizers were most effective in waters char- 
acterized by clay turbidity on soils with high lime requirements. 
However, water soluble 16—20-0 was found to be superior to plat- 
form dispersed superphasphate type fertilizers in the production of 
fish and fish food organisms (4). One distinct advantage was the 
possibility of controlling certain submersed aquatics. Another quality 
which should be pointed out was the production of a continuous 
plankton “bloom” of unicellular algae which supported dense ani- 
mal plankton populations. This was not generally true of other types 
of fertilizers applied to the floating platform or broadcasted directly 
to the water. Superphosphates and mixed commercial fertilizers 
applied in this manner also produced blue-green algae which have 
caused fish mortalities during heavy concentration or “bloom” con- 
ditions. Some of these blue-green algae have been reported to be 
toxic (1). 


HERBICIDES FOR AQUATIC WEED CONTROL 


Laboratory screening tests for new aquatic herbicides were made 
in the laboratory by common bioassay methods. However, testing 
these chemicals under field conditions presented difficulties. Toxi- 
cities to both plant and animal life may be modified by the natural 
environment. The results of our initial field experiments were often 
dificult to evaluate because of inadequate controls. To overcome 
this difficulty another useful application of the plastic curtain was 
developed (Figure 4). Small enclosures were constructed along the 
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Figure 4. Aquatic weed control enclosures constructed of vinyl or polyethylene 
sheeting suspended from styrofoam floats and anchored to the bottom with 
sandbags to effect a seal. 


shore by driving two stakes at the outer edge of the plot and sus- 
pending the plastic sheet from styrofoam floats. The bottom of the 
plastic sheet was buried to a depth of three inches to seal off the plot. 

Granular or pelleted herbicides have some important advantages 
over powdered or liquid formulations. They are easier to handle 
and they eliminate the need of special equipment for application. 
Low solubility, density and longevity of herbicidal contact are desir- 
able qualities which increase the effectiveness of the herbicide 
aquatic weed control. Low toxicity to fish and aquatic aiaiibens 3 is 
another important consideration in selecting herbicides for aquatic 
use. 

Two herbicides, which passed laboratory screening for toxicity, 
were used in plastic enclosures in an attempt to evaluate their effect 
on pondweeds (P. americanus, and P. foliosus), muskgrass (Chara) 
and cattails (Typha latifolia) which grew in dense stands in the test 
areas. The pond and the enclosures were stocked with fingerling 
largemouth bass (Micropterus salmoides), bluegill sunfish (Lepomis 
macrochirus), and channel catfish (/ctalurus punctatus). Bottom 
dwelling insects which serve as fish food were sampled by the Peter- 
son dredge method and studied both qualitatively and quantita- 
tively. 

Enclosure A received a 100 pounds per acre application of a pel- 
leted formulation of 2-—chloro—4,6—bis(ethylamino)—s—triazine (sima- 
zit) containing 10 percent active ingredient. Enclosure B received a 











WALKER : AQUATIC WEEDs 315 


44 pound per acre treatment of a pelleted formulation containing 20 
percent sodium 2,4-dichlorophenoxyacetate (2,4—D) and 5 percent 
sodium 2,2-dichloropropionate (dalapon). Both of these chemical 
applications were made on the aforementioned submersed aquatic 
weeds at the seed development stage. This was the time of their 
densest growth, when control with arsenicals was most difficult. 
Cattails were starting to develop heads. 

Observations for phytotoxicity were negative during the first week 
and did not become marked until the 4th week following appli- 
cation. Simazin treated plot A showed phytotoxicity to all submersed 
vegetation, varying from chlorotic condition of the emergent leaves 
of P. americanus to the burned and rotting of leaves and stems of 
all the other submersed species. Simazin did not appreciably affect 
the condition on the cattails. Enclosure B, which received the sodium 
salts of 2,4-D and dalapon, showed burning of the leaves of P. 
americanus and some in cattails, but no obvious effect on Chara, 


Table 1, The comparative production of fish food organisms in plastic encio- 
sures treated with two pelleted herbicides. Samples were taken with a 
Peterson dredge. 


Number per square foot 


Aquatic organism 
, 


Enclosure A* | Enclosure Bt Control 
Snails (Physidae) 8.0 em, 30 
Aquatic earthworms (Oligocheata) 64.3 133.3 55.0 
Water bugs (Coleoptera) 3.0 
Caddis fly larvae ( Trichoptera) 0.3 0.3 1.0 
Dragon fly larvae (Odonata 0.7 
Horse fly larvae ( 7 abanidae) 11.6 5.7 Pe 
Phantom midge larvae (Chaoborinac) 168.7 7.3 06 
Common midge larvae ( 7 endipendidae) 3.0 0.3 2.0 
Biting midge larvae (Ceratopogomdarc) 9.0 
Total number per sq ft 259 .6 153.3 7 9 
1.35 0.85 0.80 


Total weight in grams* 


*10% 2-chloro—4,6—bis(ethylamino)-s-triazine pellets at 100 Ib/A. 


620% sodium 2,4-dichlorophenoxyacetate and 5% sodium 2,2-dichloropropionate pellets at 


44 1b/A 


These data include snails 


P. americanus, or on a recent growth of filamentous algae (Chlado- 
phora and Spirogyra). This experiment proved these materials were 
not toxic to the fish or the fish food organisms. The results presented 
in the analysis of the bottom fauna show the marked variation in 
species composition, but give no indication of deleterious effects of 
the herbicides (Table 1). A plankton bloom also occurred in the 
simazin-treated enclosure following the mortality of the pondweeds 
in the fourth week of observations. 


SUMMARY 
1. Distributing water soluble 16—20-0 fertilizer from special float- 
ing distributors has given effective control of many submersed 
aquatic weeds by direct toxicity as well as producing a continuous 


plankton bloom. 
2. Distribution 0—46-0, 8—24-8, or other mixed fertilizer from 
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floating platforms was superior to broadcast distribution in the 

water, but inferior to 16—20—-0 as above. 

3. The technique of dividing a pond in two, or making several 
small enclosures, with vinyl plastic sheets supported by styrofoam 
floats and buried at the bottom, was valuable for both fertilizer 
and herbicide studies. 

4. Pelleted simazin and a dalapon—2,4—D mixture did not injure 
fish of fish food species. Simazin was effective in controlling most 
submerged weeds. 

5. Pelleted herbicides have been more effective and longer-lasting 
than liquid formulations. 
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Chemical Weed Control in Seedling Alfalfa 
II. Controi of Broad-Leaved Weeds’ 


PauL F. SAND and M. K. McCarty? 


| trey MINOus crops for hay, seed, pasture or soil improvement occupy 
a large portion of the total crop acreage. Plantings of legumes, 
particularly alfalfa, are often maintained long after production has 
dropped below an economic level. The reason may be reluctance of 
farmers to attempt establishment of new stands. In areas where fall 
seeding is possible but where mosture is often scant, spring seedings 
with the attendant hazard of annual weeds, must be relied upon for 
establishment of new stands. 

Until a few years ago, the main cultural aid in establishment was 
mowing to decrease the competition of the annual weeds for mois- 
ture, light and nutrients. Recent research (4) indicated the possibility 
of using chemical methods for the reduction of hazards from certain 
annual grasses. There remains the problem of removing the broad- 
leaved weeds from the legume seedings. 


REVIEW OF LITERATURE 


Early attempts at removing broad-leaved weeds from seedling 
alfalfa with chemicals usually relied upon contact herbicides (5). 
Though contact herbicides were successful under some conditions, 
damage was sustained at times by the legumes or effectiveness was 
reduced. Santelmann and Willard (6) used MCPA (2—methyl—4- 
chlorophenoxyacetic acid) and 2,4-D (2,4-dichlorophenoxyacetic 
acid) at low rates (1/8 to | Ib/A) on legume seedings. At early stages 
of growth when the weeds had not produced a well defined canopy, 
rates above 1/8 lb/A damaged the legume stand. Regardless of 
canopy development at time of treatment, the ester form of 2,4—D 
caused damage to the legumes, ranging from moderate with 1/8 Ib/A 
to severe at 1/2 Ib/A. 

Brown (1,2), in 1953 and again in 1954, treated new seedings of 
alfalfa and sweetclover with 2 to 6 0z/A of 2,4—D and MCPA. Appli- 
cations were made at four stages of growth, ranging in height from 
1-2 inches to 7-9 inches. Damage was greater on sweetclover than 
on alfalfa at all rates and stages, with the alfalfa showing the least 
damage at the early stages of growth. 

Synerholm and Zimmerman (8) reported in 1947 on the synthesis 
and growth regulating properties of seven phenoxyalkylcarboxylic 
acids with side chains ranging in length from 2 to 8 carbon atoms. 
They observed that the homologues having an even number of 
carbon atoms were active in a tomato leaf epinasty test while the 
ones having odd numbers of carbon atoms were inactive. They 


‘Published with the approval of the Director as paper No. 874, Journal Series, 
Nebraska Agricultural Experiment Station, Nebraska Agricultural Experiment 
Station and Crops Research Division, A.R.S., U.S.D.A., cooperating. 

*Assistant in Agronomy, Agricultural Experiment Station, University of 
Nebraska, and Research Agronomist, Crops Research Division, A.R.S., U.S.D.A., 
Lincoln, Nebraska. 
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proposed that beta-oxidation within the plant converted the longer 
chains to the active 2-carbon homologue. Wain and Wightman (10) 
confirmed this theory in 1954 after detailed laboratory experimen- 
tation. Wain (9) in 1955 suggested the possibility of utilizing the 
differences in enzymatic activity of various plants as an additional 
selective tool for weed control. Many of the legumes seemed to lack 
the ability to make the conversion from the inactive to the active 
form. 

Willard and Rhykerd (11), in 1955, reported work on alfalfa and 
red clover with two new materials similar to 2,4—D but with a 4-car- 
bon sade chain. These were 2—methyl—4—chlorophenoxybutyric acid 
and 2,4-dichlorophenoxybutyric acid, 4(MCPB) and 4-(2,4—DB), 
respectively. Applications were made at | and 2 Ib/A to new seedings 
of alfalfa and red clover that were 4 to 6 inches high. Neither chemi- 
cal injured red clover at either rate. Neither rate of 4-(2,4—-DB) 
injured alfalfa but the heavier rate of 4~(MCPB) caused some injury. 

Shaw and Gentner (7) in 1957 reported screening studies utilizing 
variously substituted members of the phenoxyacetic, phenoxypropi- 
onic and phenoxybutyric acids on several plant species. The potential 
use of 4-(2,4-DB) and 4-(MCPB) for the post-emergence control of 
broad-leaved weeds in legume establishment work was emphasized. 
Kherkin and Peters (3) treated seedlings of alfalfa with 2,4—D, 4—(2,4- 
DB) and 4~(MCPB) at rates up to 3 Ib/A. All rates (0.2, 0.4 and 0.8 
Ib/A) of 2,4—D were toxic to alfalfa whereas no toxicity from 4—(2,4- 
DB) was exhibited up to 3 lb/A. There was an indication of toxicity 
of 4-(MCPB) at the higher rates on alfalfa. 


MATERIALS AND METHODS 


Ranger alfalfa was seeded on Sharpsburg silty clay loam on the 
Agronomy farm at Lincoln, Nebraska, on April 18, 1956, and on 
April 17, 1957. Ten pounds per acre of alfalfa was drilled with a 
mixture of about 10 percent weed seed, mainly green and yellow 
foxtail. Forty pounds per acre of P.O; was applied at the time of 
seeding. Plots seven feet wide and twenty-one feet long were estab- 
lished in a randomized complete block design soon after the alfalfa 
was planted. Each treatment was replicated four times. 

The same chemicals and rates were used each year. They were 
4—(2,4-DB) butyl ester, 4-(2,4-DB) dimethylamine, 4-(MCPB) buty! 
ester and 2,4-D dimethylamine, all applied at rates of 1/2 and | 
Ib/A. Chemicals were applied in 40 gallons of water per acre with 
a hand sprayer which used carbon dioxide to maintain a constant 
pressure. A 6-foot strip through each plot was sprayed by passing 
the spray boom over it once. The boom was covered with a hood to 
prevent drift to adjacent plots. 

Herbicidal treatments were applied on June 1, 1956, and on June 

1957. The height of alfalfa at the time of treatment in 1956 was 4 
inches and in 1957, 3 to 6 inches. The main broad-leaved weeds in 
the experimental area in 1956 were pigweed (Amaranthus retro- 
flexus L.), kochia (Kochia scoparia (L.) Schrad), and scattered patches 
of annual smartweed (Polygonum pennsylvanicum (L.) Small), which 
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were 3 to 4 inches tall at the time of treatment. Annual grasses, green 
foxtail (Setaria viridis (L.) Beauv.) and yellow foxtail (Setaria 
lutescens (Weigel) F. T. Hubbard), were 2 to 5 inches tall when treat- 
ments were applied. In 1957, the broad-leaved weeds in the experi- 
mental area were kochia, pigweed, and annual smartweed, with 
widely scattered plants of velvet leaf (Abutilon theophrasti Medic.) 
and lambsquarters (Chenopodium album L.). Most of the weeds 
were | to 4 inches tall at the time of treatment but occasional plants 
were 6 to 8 inches tall. Grasses were green and yellow foxtail and 
stinkgrass (Eragrostis ctlianensts (All.) Link.), 2 to 4 inches tall. 

Treatments were evaluated by making stand counts and obtaining 
separate vegetative yields of alfalfa and weeds. Stand counts of alfalfa 
stems and broad-leaved weeds were made from five 2 x 4-foot quad- 
rats in each plot the first week in July. Since weedy grasses did 
not appear to be affected by treatment, stand counts for them were 
taken from one 2 x 4-foot quadrat. Yields were obtained from one 
2 x 4-foot quadrat early in July when the alfalfa was in the bud stage. 
Clippings were separated into three parts; alfalfa, broad-leaved weeds 
and weedy grasses. These were oven-dried, weighed and converted to 
a pounds per acre basis. 


RESULTS AND DISCUSSION 


Data in Tables | and 2 show that numbers of alfalfa stems and 
weeds were somewhat higher in 1956 than in 1957. Even though 
this difference existed, the treatment effects were very similar during 
the 2 years. In 1956, 2,4—-D amine at | Ib/A reduced the stem count 
of alfalfa to the greatest extent (Table 1). It was followed by | Ib 
of 4-(MCPB) ester and 1/2 Ib of 2,4—D. In 1957, the only treatment 
that had significant detrimental effect on alfalfa stand was 2,4—D 
amine at the rate of | Ib/A. Stem counts of alfalfa treated with 
4—(2,4-DB) ester and amine showed increases over the check in both 


Table 1. The effect of 4-(2,4-DB), 4-(MCPB) and 2,4—D on stand and yield 
of Ranger alfalfa. Harvests were made at the early bud stage of the alfalfa. 


Alfalfa count Alfalfa yield 
Treatment Rate | Stems in 40 sq. ft. Pounds dry matter /A. 
Ib/A a 

1956 1957 Av 1956 1957 | Av 
4-(2,4-DB) amine lo 1008 649 | 828 495** 696 595 
1 969 672 | 820 492** 1416** 954 
4-(2,4-DB) ester le 988 714 «| 851 525** 1407 ** 766 
1 950 | 541 745 387** 1095 ** 741 
4~(MCPB) ester 4 817 | 548 682 333 396 | 364 
1 718* | 508 | 613 285 609 447 
2,4-D amine lg 746* | 486 616 228 705 466 
1 295 **) 341* 218 57** 360 208 

| i 
Check 892 574 733 288 342 315 
Standard error of the mean 
difference 70 97 34 230 


*Difference from the check exceeds the .05 level of significance. 
**Difference from the check exceeds the .01 level of significance 
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Table 2. The effect of 4—-(2,4-DB), 4-(MCPB) and 2,4—D on stand and yield of 
broad-leaved weeds in a spring seeding of Ranger alfalfa. Harvests were 
made at the early bud endl of the alfalfa. 


Weed counts Weed yields 
Treatment Plants per 40 sq. ft. Pounds dry matter/A 
1956 1957 Av. 1956 1957 Ay 


4-(2,4—-DB) amine 56** 2 ? 264** 939 ** 
23** 2 2 7R** 423** 


4—(2,4—-DB) ester... 4 72% 240** 351** 
20** 5 2 81** 117** 


4-—(MCPB) ester 73** 5< 648 ** 2757 
76* 2 5 518** 600 ** 


2,4-D amine.. 76* 5 537** 966 ** 
573** 
Check 


Standard error of the mean 
difference 23 


*Difference from the check exceeds the .05 level of significance 
**Difference from the check exceeds the .01 level of significance 


years, but these increases were not statistically significant. A few 
plants in the plots treated with | lb/A of these two chemicals showed 
curvature several days after application, but they quickly outgrew 
these effects. 

Yields of alfalfa treated with both rates of 4—-(2,4-DB) amine and 
ester showed increases over the check each year. Although these 
increases in yield were due to the reduction in competition from 
broad-leaved weeds, the amounts were held down by the attendant 
increases in yield of annual grasses. Alfalfa yield was not depressed 
as much by | Ib/A of 2,4—D amine in 1957 as it was in 1956. 

Figures | and 2 compare the effects of | Ib/A of 4~(2,4—-DB) este1 
with | Ib of 2,4-D amine, respectively. The alfalfa plants treated 
with 4—(2,4-DB) ester looked normal, but treatment with 2,4—D 
amine reduced stand and stunted the remaining plants. 

The numbers of broad-leaved weeds (Table 2) were reduced sig- 
nificantly below those in the check. However, the numbers of broad- 
leaved weeds did not show a true picture of the degree of control 
because all weeds that were green were counted even though some 
of them were severely stunted. Consequently, yields rather than 
counts gave a more accurate picture of broad-leaved weed control. 
Yields of broad-leaved weeds were reduced by all treatments. In 
1956, 4-(2,4—DB) ester and amine were nearly equal in effectiveness 
but in 1957, the ester formulation was more effective than the amine 
in reducing the yield of broad-leaved weeds. The | lb rate was more 
effective than the 1/2 Ib rate of both chemicals, but the 1/2 Ib/A 
rate of ester gave satisfactory weed control each year. Both formu 
lations of 4—(2,4—-DB) were about as effective as the amine salt of 

2,4-D. However, 4—-(MCPB) ester was the least effective chemical in 
the experiment against broad-leaved weeds. 
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Figure 1. Broad-leaved weed control in spring seeded alfalfa. One 
Ib/A 4-(2,4—-DB) ester on right and check on left. Treated June 
1, 1956. Photo July 9, 1956. 


Figure 2. 


Broad-leaved weed control in spring-seeded alfalfa. One 


Ib/A 2,4—-D amine on left, check on right. Treated June 1, 1956. 
Photo July 9, 1956. 
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The weedy grasses were not affected directly by any of the chemi- 
cals. Numbers of weedy grass plants (Table 3) did not vary much 
from the check, but their yields were increased almost proportion- 
ately to the degree of control of broad-leaved weeds. Grass yields 
were higher from all treatments than from the check, but the dif- 
ferences were not statistically significant. 


Table 3. The effect of 4—(2,4—-DB), 4-(MCPB) and 2,4—D on stand and yield of 
weedy grasses in a spring seeding of Ranger alfalfa. Harvests were made at 
the early bud stage of the alfalfa. 

















| Weedy grass counts Weedy grass yields 
Treatment | Rate Plants per 8 sq. ft. | Pounds dry matter/A 
_ | i ee an a 
1956 | 1957 | Av. | 1956 | 1957 | Av 
a SE ———————— SS | 
4-(2,4-DB) amine. et ee 38 > ae 855 900 | 922 
| 1 59 | 18 | 38 | 1182 1683 1432 
4-(2,4-DB) ester... | lg 70 | 17 | 43 999 | 1461 1230 
| 1 66 | 15 40 | 1107 681 | 894 
| '] 
4-—(MCPB) ester... . | Ly 41 20 30 «=| 981 1035 | 1008 
1 60 41 | 50 816 1089 | 952 
2,4-D amine... 4 a a 31 1002 1077 1039 
| 1 48 25 36 1197 1209 1203 
Check... 42 26 34 555 582 568 
Standard error of the mean | 
difference | 11 | 8 231 481 





SUMMARY 


The dimethylamine and the butyl ester of 4-(2,4-DB) were found 
to be satisfactory for controlling broad-leaved weeds in seedling al- 
falfa. Neither chemical had any detrimental effect on Ranger alfalfa 
at 1/2 or 1 lb/A. Alfalfa forage yields were increased by the reduction 
of competition from the broad-leaved weeds. The ester form of 
4—(2,4-DB) was somewhat more effective than the amine form in one 
of the two years and both forms gave more effective weed control 
than 4~-(MCPB) ester. The 4-(MCPB) ester was also injurious to 
the alfalfa. 
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Logarithmic Sprayer Evaluations of 
Herbicides in Horticultural Crops 
L. L. DANIELSON and Rosert E. Wester! 
HE logarithmic, or variable-dosage, sprayer described by Pfeiffer, 
Brunskill, and Hartley (4) for use in experimental field plot 
studies appears to offer a means of materially reducing the time and 
space required to conduct field evaluations of herbicides in horti- 
cultural crops. The experiments described herein were conducted 
to determine the conditions necessary for the successful use of the 
sprayer in evaluations of this type. 

An experimental evaluation of EPTC [ethyl N,N-—di-—n—propyl- 
thiolcarbamate | alone, and CDEC (2-chloroallyl diethyldithiocar- 
bamate) in combination with CIPC [isopropyl N-(3— —chloropheny!)- 
carbamate] was conducted on a series of vegetable greens, salad, and 
cole crops. 


PRINCIPLES OF CONSTRUCTION AND OPERATION OF THE SPRAYER 


The sprayer used in these studies was the Chesterford Logarithmi« 
Sprayer Mark IIJ* mounted on a jeep equipped with 4-wheel drive, 
a governor, and a wheel speedometer as shown in Figure |. Modif- 





Figure 1. The Chesterford Logarithmic Sprayer Mark III mounted on a jeep, as 
used in the 1957 experimental studies conducted at Beltsville, Maryland. 


cations of the original sprayer and the methods of using the equip- 
ment and interpreting results have been described in detail by Brun- 
skill and others (1,2,3). 


‘Plant Physiologist and Horticulturist, respectively, Crops Research Division, 
Agricultural Research Service, U. S. Department of Agriculture, Beltsville, Mary 


land. 
*Fisons Pest Control Limited, Felixstowe, Suffolk, England. 
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The logarithmic sprayer will apply a logarithmic rate pattern of a 
selected range of a chemical on a pre-determined area in the field. 
Combinations of chemicals may also be applied in such a manner 
that a descending concentration gradient of one chemical is pro- 
duced simultaneously with an ascending concentration gradient of a 
second chemical. The sprayer may also be used as a conventional 
sprayer to apply a constant treatment rate. Permutations and com- 
binations of the individual methods of application possible with this 
sprayer provide the means for studying a wide range of problems. 

The construction and operation of the logarithmic sprayer is 
dependent on the functioning of a concentrate chamber containing 
a mechanical agitator. A pipe leads from this chamber to a water 
supply tank. A second pipe leads from the chamber to a bronze gear 
pump which delivers the solution to the nozzles. Each nozzle is con- 
nected to a common manifold by a plastic tube. Each plastic tube 
is of the same length regardless of the location of the nozzle. This 
insures the arrival of the spray solution at all nozzles simultaneously. 
In use, the concentrate chamber is completely filled with the herbi- 
cide solution, prepared to give the highest desired rate, and the 
chamber is closed. When the pump begins to deliver concentrate 
solution to the nozzles, a negative pressure is established in the 
chamber and, as a result, fresh water is drawn in and intimately 
mixed with the solution by the mechanical agitator. 

Pump pressure and rate of movement in the field are maintained 
constant throughout the treatment of each experimental series. In 
the present experiments, a speed of 3 miles per hour and a pressure 
of 40 pounds per square inch were maintained These conditions of 
operation delivered 33 gallons of spray per acre. Delivery rate is 
determined by speed, pressure, and nozzle aperture. 

The valves on the sprayer model used in these experiments were 
so arranged that fresh water was sprayed until the sprayer 
approached the edge of the experimental plot. At this point, a steel 
marker tripped a lever which closed the fresh-water line to the pump 
and opened the line to the concentrate chamber. As a result, the first 
4 yards of each plot were untreated as shown in Figure 2. At 6 yards 
from the tripping point, the logarithmic rate pattern began and 
dosage rates were halved at each 6.6 yards thereafter. This distance 
is referred to as the “half-dosage distance” and must be established 
for each sprayer. Experimental objectives of these studies were 
achieved by using plots 100 feet long. 


MATERIALS AND METHODS 


The field area used in these experiments was equipped with over- 
head irrigation, which insured an adequate supply of water for 
normal crop development and herbicidal activity. The soil in the 
experimental area, a fine sandy loam, was prepared by plowing, 
disking, and harrowing with a Meeker harrow to provide a firm seed 
bed. Beds 4 feet wide were marked off before planting by running 
the sprayer through the field to establish whecl marks at intervals 
of 4 feet. This provided a settled track for the sprayer to follow 
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Figure 2. The series of vegetable greens, salad, and cole crops shown here were 


treated with a pre-emergence logarithmic sprayer application of a maximum 
of 10 pounds of EPTC per acre. Each plot consisted of 3 beds planted to 5 
crops each, as seen here. The crops are, from left to right, celery, cabbage, 
collards, Brussels sprouts, endive; Hanover salad greens, cauliflower, ryegrass, 
lettuce, parsley; broccoli, spinach, mustard greens, kale, and turnip greens 
Note the variation in crop response as the rate of application diminished. 
Planting and treatment date April 22, 1957. Harvest date June 6, 1957. See 
Figure 3. 


during treatment and facilitated orderly hand planting. Preliminary 
herbicide evaluations were conducted with the logarithmic sprayer 
in 4 replications on a plot 3 beds wide and 100 feet long. The vege- 
table greens, salad, and cole crop varieties used in these studies are 
listed in Table 1. Mustard and ryegrass were included in all experi- 
mental plantings to serve as standard herbicide sensitive test species 
comparable to susceptible annual broadleaved weeds and grasses 
The crops were randomized in the replicates of all treatment series. 
All herbicide applications were followed immediately, or within 24 
hours, by an irrigation of approximately | acre-inch of water. 
Results were determined by making crop-injury ratings, stand 
counts, and obtaining fresh weights. Data on logarithmic sprayer 
plots were collected from | yard of row centered on the half-dosage 
distance mark at each treatment level for each crop. The treatment 
levels are, therefore, ranges of treatment rates. These ranges have 
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Table 7. Binomials and varietal designations of crops used in experimental 














plantings. 
Crop Binomial Commerical variety 

Broccoli (Brassica oleracea v. italica) | lealian Green Calabrese 
Brussels sprouts (Brassica oleracea v. gemmifera) | Perfection 
Cabbage (Brassica oleracea v. capitata) Late Flat Dutch 
Cauliflower (Brassica oleracea v. botrytis) Early Snowball 
Celery (Apium graveolens v. dulce) | Golden Self Blanching 
Collards (Brassica oleracea v. acephala) Vates 
Endive (Cichorium endivia) | Batavian Full Heart 
Hanover salad greens ( Brassica sp.) Early Hanover 
Kale (Brassica oleracea v. acephala) | Tall Green Scotch 
Lettuce (Lactuca sativa) Great Lakes 
Mustard greens (Brassica juncea) Southern Giant Curled 
Parsley. . . ( Petroselinum crispum) | Triple Curled 
Ryegrass | (Lolium multiflorum) Domestic 
— (Spinacea oleracea v. incymis) | Old Dominion Blight Resistant 

urnip greens (Brassica campestris v. rapa) | Seven Top 





been obtained from a nomograph and are presented in Table 2 for a 
10-pound per acre logarithmic application. The rates for the | pound 
per acre CIPC logarithmic application can be determined from this 
table by moving the decimal one place to the left in column 2. 

Optimum rates of application determined with the logarithmic 
sprayer were studied in subsequent randomized small plots 3 beds 
wide and 10 feet long. Four treatment levels were replicated 4 times. 
The number of crops studied varied from one experiment to another, 
the number depending on the seasonal requirements of each crop 
and the time of planting. The crops used are listed in the tables 
or figures in which the results are presented. 


Table 2. Range of rates of application over 1 yard of row centered on half- 
dosage distance markers.* 


Rates of delivery in pounds per acre at succes- 
sive half-dosage — and over corresponding 


Yards from start sampled portions of row 


At half-dosage Over 1 yard distance 


markers sampled 
6.0 10.0 10.42-9 .45 
12.6 5.0 5 .21-4.67 
19.2 2.5 2.65-2.39 
25.8 1.25 1.30-1.19 
32.4 0.62 0 .68-0 .61 


*Half-dosage distance = 6.6 yards. This is the distance the sprayer must travel to reduce the dosage 
rate by one-half. (See Brunskill (4) for further details.) 


RESULTS AND DISCUSSION 


A survey of the large number of items of data collected in these 
studies indicated the need for a rapid method of assembling the 
information for evaluation. Accordingly, a “phytotoxicity index” 
was calculated for each crop at all levels of treatment examined for 
each chemical. This index is the average of the crop-injury rating, 
stand, and fresh weight expressed as percent of similar records from 
the control plots, except for ryegrass, for which fresh weight and 
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injury ratings only were used. For example, consider a hypothetical 
case in which a plant sample from a herbicide treated area had 
visual injury rating of 70 percent as compared to samples from the 
untreated control area; a fresh weight equivalent to 40 percent as 
compared to the control; and a stand equivalent to 65 percent of 
the control. The calculation of the phytotoxicity index of these data 
would be as follows: 
70 + 40 + 65 
Index = = 58. The visual injury rating evaluated 
3 

physical defects, abnormal colorations, and growth distortions due to 
herbicidal treatment. Fresh weights and stands represent | yard of 
row harvested. Careful observance of accepted experimental prac- 
tices in collecting the data insured a level of accuracy suitable for 
the use of the index in the manne: described here. The index values 
are presented in graphs as a further convenience in the comparison 
and evaluation of results. 


EPTC evaluations 

Preliminary evaluations of pre-emergence applications of EPTC 
were conducted on a group of vegetable greens, salad, and cole crops 
with the logarithmic sprayer. Results of the initial series of treat- 
ments applied immediately after planting are shown in a photo- 
graph (Figure 2) and in graphs (Figure 3) to demonstrate the method 
as applied to a single herbicide, namely EPTC at a maximum of 
10 pounds per acre in a logarithmic application. In Figure 2, the 
area from A to B is an untreated control area. The area from B to 
C is a portion of the rate pattern that is not logarithmic. The area 
from C to D is the area covered by the logarithmic rate pattern of 
application and represents a range of 10 pounds per acre at C to 
approximately 0.62 pounds per acre at D. Note the variation in crop 
response as the rate of application diminished. The graphs in Figure 
3 are arranged to present the results of the different treatment levels 
in the same order in which they appear in Figure 2. 

Practical control of ryegrass was dhiniaad with pre-emergence 
applications of 1.25 pounds of EPTC per acre and a number of the 
crops showed excellent growth at this rate (Figure 3). 

Randomized replicated small-plot studies were organized based 
on the results obtained in the preliminary logarithmic sprayer appli- 
cations of EPTC. Pre-emergence rates of EPTC employed in these 
confirmative studies were 1, 2, and 4 pounds per acre. Results are 
presented in Table 3. These data, which were analyzed statistically, 
corroborate the results obtained in the logarithmic sprayer studies. 





Evaluation of combination of CDEC and CIPC 

The logarithmic sprayer was used to study a changing ratio of 
CDEC to CIPC used in combination as pre-emergence treatments 
on a series of vegetable greens, salad, and cole crops. CDEC was 
applied at a constant rate of 1 pound per acre overall followed imme- 
diately by CIPC at 1 pound per acre in a logarithmic application. 
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Figure 3. Results of the pre-emergence logarithmic sprayer application of 10 
pounds of EPTC per acre on a series of vegetable greens, salad, and cole crops 
are shown expressed in terms of a phytotoxicity index for each crop at each 
treatment level range sampled. See Table 2 for range of rates over 1 yard of row 
sampled. A phytotoxicity index of 100 indicates normal growth and an index 
of 0 indicates complete kill. Planting and treatment date April 22, 1957. 
Harvest date June 6, 1957. See Figure 2. 





This combination gave ratios of | pound of CDEC per acre to a 
wide range of levels of 1 — and less of CIPC per acre. Results 
are presented in Figure 4. These data show that practical control 
of ryegrass was obtained with 1 pound of CDEC and 0.25 pound 
of CIPC without injury to the crops studied. 

Subsequently, randomized replicated small-plot studies were 
organized on the basis of these preliminary logarithmic applications 
of CDEC in combination with CIPC. Rates of application employed 
were | pound of CDEC in combination with 0.25, 0.5, and 1 pound 
of CIPC per acre. Results are given in Table 4. These results con- 
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Table 3. Effect of pre-emergence “standard” non-logarithmic applications of 
several rates of EPTC on stand and fresh weight of certain vegetable greens, 
salad, and cole crops. * 








Item EPTC—!b/A LSD 
Crop | measured |—— - 
0 1 2 4 5% 1% 
Kale | Stand | 41 19 1 2 9 13 
| Frwt-em | 488 170 11 16 127 181 
| | 
Collards. .. | Stand 40 | 44 | 30 13 ~ 11 
| Fr wt-gm | 743 | 875 | 469 99 239 339 
Cabbage | Stand 43 33 «CO 17 5 16 22 
Frwt-gm | 424 | 301 191 53 163 232 
Broccoli Stand — Las? b- 37 10 21 30 
Fr wt-gm 650 | 528 | 238 57 297 422 
Mustard Stand | 68 | 63 44 18 18 25 
Frwt-gm | 930 756 | 611 159 364 523 
Brussels sprouts | Stand 35 21 13 3 16 22 
Frwt-gm | 335./; 179 57 10 185 263 
Cauliflower Stand | 19 13 | 18 | 2 16 22 
Frwt-gm | 78 | 91 142 ~ 49 70 
R yegrass Frwt-gm | 136 19 4 0 45 63 
Weed rating—percent control | 
Annual grasses 0 46 43 88 
Broadleaved weeds 0 0 0 | 0 





*Cole crops were in the early vegetative stage of growth at the time of harvest. Stands and weights 
of all crops are the average for 5 feet of row harvested. Planted July 1, 1957. Treated July 2; Harvested 
August 8. 


Table 4. Effect of pre-emergence “standard” non-logarithmic applications of 
several rates of CDEC to CIPC on stand and fresh weight of vegetable greens, 
salad, and cole crops. * 








Treatments—!Ib/A LSD 
Crop Item - 
measured CDEC 0 1 1 1 
CIPC—0 0.25 0.5 1 5% 1% 
Kale | Stand 36 31 35 39 11 16 
Frwt-gm | 468 648 675 525 276 393 
Collards Stand 37 43 44 49 11 16 
Fr wt-gm | 965 | 1147 1103 1040 287 408 
Cabbage Stand 35 43 40 36 34 48 
Fr wt-gm 443 555 623 495 192 273 
Broccoli Stand 46 62 50 49 15 22 
Fr wt-gm 643 768 805 623 253 360 
Mustard Stand 60 64 64 63 10 14 
Fr wt-gm 1118 | 1470 1473 1153 265 377 
Brussels sprouts Stand 27 26 27 28 9 13 
Frwt-gm | 330 228 303 283 196 279 
Cauliflower Stand 23 23 10 21 9 12 
| Fr wt-gm 149 124 138 96 100 143 
Ryegrass | Fr wt-gm 153 0 0 68 112 159 
Weed rating—percent 
control | 
Annual grasses 0 50 19 25 
Broadleaved weeds 0 0 32 40 








*Cole crops were in the early vegetative stage of growth at the time of harvest. Stands and weights 
of all crops are the average for 5 feet of row harvested. Planted July 1, 1957; Treated July 2; Har- 
vested August 8. 
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firm those obtained in the logarithmic sprayer plots and indicate 
that 1 pound of CDEC in combination with 0.5 pound of CIPC may 
prove to be a practical pre-emergence treatment for control of 
annual grasses, chickweed (Stellaria media) and henbit (Lamium 
amplexicaule) in these crops. 
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Figure 4. Results of the pre-emergence logarithmic sprayer application of | pound 
of CIPC per acre followed by an overall application of | pound of CDEC 
per acre on a series of vegetable greens, salad, and cole crops are shown 
expressed in terms of a phytotoxicity index for each crop at each treatment 
level range sampled. See Table 2 for range of rates over | yard of row sampled. 
A phytotoxicity index of 100 indicates normal growth and an index of 0 
indicates complete kill. Planting and treatment date April 22, 1957. Harvest 
date May 31, 1957. 
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General evaluation of the logarithmic sprayer 

Results obtained in these investigations indicate that the logarith 
mic sprayer is a useful tool for the field evaluation of herbicides. 
The time and space required to carry out field evaluations on a 
series of vegetable crops were greatly reduced by the use of this 
sprayer. Some indication of the amount of time saved may be given 
by citing the fact that it was possible for 2 men to plant and treat 
the equivalent of 1200 plots in one day. Averages of the results of 4 
replicates were used to determine quickly the range of rates toler- 
ated by each crop and the weed killing range of each chemical. 
These results were then used in subsequent randomized replicated 
plots to confirm the optimum levels of application determined with 
the logarithmic sprayer. The data presented here show that the weed 
and crop response to a herbicide can be quickly and accurately 
determined by this combination of methods. 


SUMMARY 


A logarithmic, or variable-dosage, sprayer was used in field evalu- 
ations of herbicides on vegetable greens, salad, and cole crops. EP TC 
alone and CDEC in combination with CIPC were studied to obtain 
preliminary information on crop response and herbicidal effective- 
ness. Optimum rates indicated by these logarithmic rate applications 
were used in subsequent randomized replicated plots. A statistical 
analysis of these data confirmed the results obtained with the loga- 
rithmic sprayer. This combination of methods of evaluation was 
found to be very effective in reducing the time and space required 
for such experiments. 
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Effects of DCB, DCB-xylene Mixtures, Amitrol, and 
Sodium Salt of Dalapon in Irrigation Water 
on Corn and Rutabagas' 


V. F. Bruns and J. H. Dawson? 


tests conducted at Prosser, Washington, during 1955 and 1956, 
DCB (orthodichlorobenzene), alone or in combination with 
xylene, showed considerable promise for controlling submersed 
aquatic weeds when introduced into irrigation channels. The first 
objective of the experiment reported herein was to determine 
whether irrigation water treated with DCB or DCB-xylene mixtures 
would injure certain crop plants. In other tests amitrol (3—amino— 
1,2,4-triazole) and sodium salt of dalapon (sodium 2,2—dichloro- 
propionate) were effective in controlling certain emergent aquatic 
and ditchbank weeds. Frequently, the application of herbicides to 
control such weeds results in inadvertent or unavoidable contamina- 
tion of water used to irrigate crop plants. Consequently, a second 
objective of this investigation was to determine the approximate 
quantities of amitrol and sodium salt of dalapon required to injure 
certain crop plants when applied in irrigation water, and to study 
the symptoms of injury. 


REVIEW OF LITERATURE 


Bruns, et al. (7) reported that irrigation water containing xylol 
or similar aromatic solvents at concentrations and rates found neces- 
sary to control the most resistant submersed aquatic weeds caused no 
economically important injury to alfalfa, Red Mexican beans, car- 
rots, cotton, grain sorghum, Ladino white clover, lettuce, lima beans, 
oats, orchard grass, potatoes, sugar beets, or sweet corn. No literature 
on the effects of DCB in irrigation water on crop plants was found. 

Several workers have demonstrated that soil applications of 
amitrol and sodium salt of dalapon may damage various crop plants 
through absorption by the root systems (4, 9, 11, 12). Amitrol evi- 
dently is inactivated rapidly in most soils (2, 3). Reports of damage 
to weeds and crop plants from soil applications of this material have 
been inconsistent. Whether lack of injury to certain crops planted 
after applications of amitrol was a result of leaching, bacterial action, 
chemical breakdown, adsorption by the soil, or a combination of 
these has not been determined (1). However, in vitro experiments 
by Ercegovich (8) have shown that the rate of disappearance of 
amitrol from treated Hagerstown silt loam is influenced by tem- 
perature, pH, and moisture. 


‘Contribution of the Crops Research Division, Agricultural Research Service, 
U.S. Department of Agriculture, and the Washington Agricultural Experiment 
Stations cooperating. Scientific Paper No. 1765, Washington Agricultural Experi- 
ment Stations. 

*Agronomists, Crops Research Division, Agricultural Research Service, Irriga- 
tion Experiment Station, Prosser, Washington. The authors express their appreci- 
ation to C. E. Anderson, Agricultural Research Service, U.S. Department of 
Agriculture, and Alf Hammer, State College of Washington, for their assistance 
in these investigations. 
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Holstun and Loomis (10) reported that sodium salt of dalapon 
was very mobile and leached readily from several soil types. Little 
of this compound was adsorbed by any of three silty clays or silt 
loams. Thus, sodium salt of dalapon apparently can be carried freely 
into the root zone in soil solution. Soil micro-organisms reportedly 
decompose sodium salt of dalapon (10, 13), but this process may 
require several weeks. Therefore, the presence of either amitrol or 
sodium salt of dalapon in irrigation water conceivably could 
endanger farm crops. 


MATERIALS AND METHODS 


The present studies were conducted on Sagemoor very fine sandy 
loam. This soil is low in organic matter and has a depth of 60 inches 
to bedrock. 

After application of 600 pounds of ammonium nitrate (33 percent 
nitrogen) per acre on May 27, 1957, the land was plowed, harrowed, 
ditched, and irrigated. On June 4, the experimental area was disked, 
harrowed, and cultipacked. Then 33 plots (11 plots within 3 blocks), 
each 10 x 20 feet, were laid out on contour with a zero grade. The 
alleyways between the blocks were 10 feet wide and the borders of 
adjacent plots were at least 4 feet apart. Four rows of 85-day corn 
(Zea mays L.) (Wisconsin 240), 24 inches apart and 10 feet long, 
were planted on one half of each plot on June 5. Damage by pheas- 
ants necessitated replanting on June 12. On July 5, the corn was 
thinned to average | plant per 9 inches of row (approximately 15,680 
plants per acre). 

After preparation of a seedbed by hand-cultivation, four rows of 
rutabagas (American Purple Top), 24 inches apart and 10 feet long, 
were seeded on the other half of each plot on August 1. On August 
22, the rutabagas were thinned to average | plant per 3 to 4 inches 
of row (approximately 41,000 plants per acre). 

Six 600-gallon tanks, equipped with valves, hoses, and boom 
attachments, were used throughout the experiment for applying 
irrigation water and chemicals. This technique has been described 
in earlier publications (5, 6). All plots received regular irrigations 
before and after chemical treatment. The irrigation furrows were 
dammed at each end of the plots and the flow of water from the 
tanks was regulated and adjusted to maintain a given level of water 
in the furrows. Thus, the problem of measuring runoff water and 
discarding the effluent was eliminated. Normal field cultivation was 
simulated by the use of hand tools. 

Eleven different plot treatments were randomized within each 
of the three blocks. These treatments included one rate of DCB 
(740 parts per million), three DCB-xylene mixtures (each at 740 parts 
per million in ratios of 1:9, 1:3, and 1:1), three rates of amitrol (0.25, 
1.25, and 2.5 pounds per acre), three rates of sodium salt of dalapon 


(0.5, 2.5, and 5.0 pounds per acre), all in 3 acre-inches of irrigation 


water, and no treatment (check). The measured dosages of amitrol 
and sodium salt of dalapon dissolved readily when added to the 
appropriate quantities of irrigation water in the tanks. Measured 
dosages of DCB and DCB-xylene, however, were first mixed thor- 
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oughly with an oil-water emulsifier. These mixtures were then added 
to a I-gallon jug of water. These ]-gallon formulations were intro- 
duced under pressure into the supply of irrigation water in the tanks 
by means of a knapsack sprayer. The spray nozzle was submersed 
and the water was agitated with a wooden paddle during the intro- 
ductions. This procedure created satisfactory and sufficiently stable 
emulsions. 

The concentration of 740 parts per million of DCB and DCB- 
xylene mixtures was chosen to correspond to the upper range in con- 
centrations of similar materials commonly used for the control of 
aquatic weeds in irrigation channels. In previous experiments on 
cattails, 8 pounds of amitrol per acre and 15 pounds of sodium salt 
of dalapon per acre gave comparable control of these emergent 
aquatic weeds. Therefore, in attempting to select rates which would 
result in injury as well as no injury to the test crops, lower dosages 
of amitrol than of sodium salt of dalapon were used. 

The sub-plots of corn were treated on July 10-12, when the plants 
were in the 5- to 7-leaf stage of growth. The sub-plots of rutabagas 
were treated when the plants were in the 6- or 7-leaf stage of develop- 
ment (September 9-11). During chemical treatments, the irrigation 
furrows were dammed between sub-plots as well as at the ends of 
the main plots. 

On September 18, the corn on each plot was cut, bundled, and 
shocked. On October 31, the dried shock corn was weighed, the 
number of ears was recorded, and the corn was shelled. Yields of 
shelled corn were determined on an oven-dry basis and converted 
to bushels per acre on the basis of 15.5 percent moisture content. 

The rutabagas were harvested, graded, and weighed on October 
28. Rutabagas measuring 2 inches or more in diameter were arbi- 
trarily classified as No. 1, whereas those between | and 2 inches were 
classified as No. 2. Smaller rutabagas were discarded. 


RESULTS AND DISCUSSION 
Corn 

Within 3 days after treatment, the DCB and DCB-xylene mixtures 
caused severe wilting of the corn leaves. Some leaves turned dark 
or became desiccated, or both. Crowns and crown roots were dam- 
aged. During the next 2 weeks, growth was inhibited markedly and 
many plants continued to deteriorate (Figure 1). 

Growth of corn on plots treated with sodium salt of dalapon at 
the rates of 2.5 and 5.0 pounds per acre was suppressed. Terminal 
leaves crinkled, especially near the bases or collars. Apparently, 
these leaves failed to unfold while the stalk continued to elongate, 
and a definite curvature and an extremely compact roll resulted 
(Figure 2). Spotted interveinal necrosis developed on the last open 
and uncurled leaves. These symptoms developed rapidly after the 
first regular irrigation following the chemical treatments. As the 
season advanced, the heavier rates of sodium salt of dalapon con- 
tinued to suppress the growth and to cause malformation of the 
stalks. Nearly all stalks produced small or abortive ears. The ears 
were severely malformed and few or no kernels developed (Figure 3). 
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Figure 1. Top: Untreated check. Bottom: Effects of 740 ppm of DCB applied in 
3 acre-inches of irrigation water when corn was in the 5- to 7-leaf stage 
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Figure 2. Typical malformation caused by applications of sodium salt of dalapon 
at both 2.5 and 5.0 pounds per acre in 3 acre-inches of irrigation water to corn 
in the 5- to 7-leaf stage. Note the curved and extremely compact roll of the 
terminal leaves. 


Whether the cover of the ears consisted of foliar leaves as well as 
husks was difficult to determine. Separation of the small ears or cobs 
from this intergrown mass of leaves was nearly impossible. 

No injury was detected on plots treated with sodium salt of dala- 
pon at the rate of 0.5 pound per acre. No visible symptoms of chemi- 
cal injury in the foliage or other damage was observed on plots 
treated with amitrol. In fact, the general condition of corn on plots 
treated with amitrol, including color and vigor, appeared somewhat 
superior to the condition of corn on untreated check plots. Weed 
competition was not a factor because the plots were hand-weeded. 
These observations compare favorably with results obtained by 
Ercegovich (8) who took a series of samples of corn planted in soil 
treated with amitrol throughout the growing season. Chemical 
analysis of the samples failed to reveal any measurable residue of 
amitrol in the corn tissue at any time. 

All DCB and DCB-xylene mixtures caused significant reduction 
in yields of shock and shelled corn and number of ears (Table 1). 
Likewise, sodium salt of dalapon at 2.5 and 5.0 pounds per acre 
caused significant decreases in yields. Only 0.4 bushel of shelled corn 
per acre was produced on plots treated with sodium salt of di alapon 
at the 5.0-pound rate. Sodium salt of dalapon at 0.5 pound per acre 
and the amitrol treatments caused no reduction in yields. 
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Figure 3. Typical malformation of ears caused by applications of sodium salt of 
dalapon at both 2.5 and 5.0 pounds per acre in 3 acre-inches of irrigation water 
to corn in the 5- to 7-leaf stage. 


Table 1. Effects on yields per acre (Oct. 31, 1957) of herbicides applied in irri- 
gation water (3 acre-inches) on July 10-12 to corn in the 5- and 7-leaf stage. 








Shock corn, Shelled corn 








Chemical! and dosage tone Ears, number | @ 15.5% moisture, 
bushels 
DCB: 
740 ppm. 3.40** 16880** 26 .0** 
DCB-xylene mixtures 
740 ppm, 1:9* 7 .98** 28314** 71.1* 
740 ppm, 1:3.... 6 .67** 26136** 63.1* 
740 ppm, 1:1... 6 .37** 27225 ** 49 .9* 
Amitrol: 
0.25 Ib/A.. 11.76 40838 95.4 
1.25 Ib/A... 14.10 44105 109.1 
2.5 Ib/A... 14.92 47916 118.3 
Dalapon, sodium salt 
0.5 Ib/A... | 13.07 38660 108.5 
2.5 Ib/A... 8.79** 31581* 29.1** 
5.0 Ib/A 4.90** | 15791 ** 0.4** 
None (untreated check) 13.23 44049 102.7 
LSD 5%.. 3.16 10346 31.0 
cs 4.33 14157 42.2 
Coef. of variation, percent 19.4 18.2 25.8 





*DCB:xylene ratio by volume. 
* Diffe-ence from check exceeds the 5 percent level of probability 
**Difference from check exceeds the 1 percent level of probability 


Rutabagas 
Within | week after the applications, rutabagas on plots treated 
with DCB and the 1:3 mixture of DCB-xylene began to wilt and 
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become prostrate. At that time, none of the other treatments had 
caused visible injury. 

As the season progressed, the growth of rutabagas on plots treated 
with DCB and the 1:3 mixture of DCB-xylene was suppressed notice- 
ably. Plants on plots treated with the 1:1 mixture of DCB-xylene 
tended to lack normal vigor. The only injury noted on plots treated 
with amitrol was slight discoloration of some of the leaves which 
came into direct contact with treated water during the application. 
Sodium salt of dalapon, especially at the heavier rates, caused a 
slight change in the appearance of the foliage. The leaves tended to 
be slightly more crinkled and somewhat lacking in vigor and luster. 

Neither the total number of rutabagas nor the number of those 
between | and 2 inches in diameter was reduced significantly by any 
treatment (Table 2). Only DCB and the 1:3 and 1:1 mixtures of 
DCB-xylene caused significant reductions in the number of rutabagas 
measuring 2 inches or more in diameter, 


Table 2. Effects on yields (Oct. 28, 1957) of herbicides applied in irrigation 





Number per plot (80 sq ft) | Tons 
Chemical and dosage —— per 
1- to 2-inch More than acre 
diameter 2-inch diameter Total 
| 
DCB: 
740 ppm 50 5% 55 | 1.87** 
DCB-xylene mixtures 
740 ppm, 1:9" 46 40 86 6.27 
740 ppm, 1:3 47 | 17** 64 3.40** 
740 ppm, 1:1 56 21* 77 4.47 
Amitrol | 
0.25 Ib/A 42 | 38 80 5.40 
1.25 1b/A 42 41 83 6.51 
2.5 ib/A 39 46 85 6.05 
Dalapon, sodium salt | 
0.5 Ib/A 45 | 39 84 5.91 
2.5 Ib/A 40 36 76 5.20 
5.0 Ib/A 43 39 82 | 6.13 
None (untreated check) 44 38 82 | 5.81 
LSD 5%... NS 14 NS 1.67 
% 20 2.28 
Coef. of variation, percent 25.5 18.3 


*DCB:xylene ratio by volume 
* Difference from check exceeds the 5 percent level of probability. 
**Difference from check exceeds the 1 percent level of probability. 


The total yield in tons per acre was reduced by DCB and the 1:3 
mixture of DCB-xylene only. Although the yield from plots treated 
with the 1:1 mixture of DCB-xylene averaged 1.34 tons per acre less 
than that from untreated checks, the difference was not statistically 
significant. 

The results from this experiment show that water treated with 
DCB or DCB-xylene mixtures for aquatic weed control in irrigation 
channels should not be used to irrigate crop plants. At the rates test- 
ed, sodium salt of dalapon in irrigation water appeared more hazard- 
ous to certain crop plants, particularly corn, than amitrol. It should 
be pointed out that contamination of irrigation water from appli- 
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cations of sodium salt of dalapon for the control of cattails or ditch- 
bank weeds in or along irrigation channels or reservoirs seldom 
would exceed the equivalent of 0.5 pound per acre in 3 acre-inches of 
water, a concentration which caused no significant injury to corn o1 
rutabagas in this experiment. 


SUMMARY 


When applied to corn in the 5- to 7-leaf stage and rutabagas in 
the 6- or 7-leaf stage of growth, DCB and 1:3 and 1:1 mixtures ol 
DCB-xylene at 740 parts per million in 3 acre-inches of irrigation 
water caused injury. The 1:9 mixture of DCB-xylene also caused 
injury to corn. 

Applied at the same stages of growth, sodium salt of dalapon at 
2.5 and 5.0 pounds per acre in 3 acre-inches of irrigation water caused 
severe injury to corn but only slight injury to rutabagas. Sodium 
salt of dalapon at 0.5 pound and amitrol at 0.25, 1.25, and 2.5 pounds 
per acre caused no significant damage to either corn or rutabagas. 
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A Three-Year Study of the Effect of 
Some Phenoxy Herbicides on Cotton 


W. K. Porter, JRr., C. H. THomas, and J]. B. Baker! 


T= chlorinated phenoxyalkylcarboxylic acids are extremely valu- 
able in affording a solution to many weed problems. On the 
other hand, the use of such herbicides may create problems since 
many crop or ornamental plants which are very sensitive to the 
phenoxy herbicides may be growing in close proximity to crops or 
areas in which treatments with such herbicides seems desirable. In 
the South, cotton may be planted adjacent to crops such as rice, 
sugarcane or corn or in areas bordering woods, highways or railways. 
On such areas, the application of phenoxy herbicides may solve the 
problem of weed control; however, they may create a new problem 
by causing injury to cotton. 

As early as 1948, Brown et al. (2) reported that 2,4—D (2,4—dichloro- 
phenoxyacetic acid) drift was causing serious injury to cotton in 
Louisiana. Their preliminary results indicated that plants injured 
during the flowering period were likely to show yield reductions. 
Similarly, in 1949, Ergle et al. (3) reported some response of cotton 
to 2,4—-D. Both of the above groups described certain typical symp- 
toms which developed as a result of 2,4—-D injury. MclIlrath (6) 
presented evidence that leaf malformation similar to those caused 
by 2,4-D could be produced by high dosages of certain phosphate 
insecticides. Similarly, Normand? at this station showed that when 
high amounts of monuron were placed in the vascular elements of 
cotton, typical leaf strap malformation occurred. 

Watson (8) found that cotton in the early bloom and mid-bloom 
stage of growth was more susceptible to phenoxy herbicides than 
at the eight leaf stage. Goodman (1) and Goodman et al. (5) showed 
that cotton exposed to 2,4-D appeared to be more sensitive at the 
seedling and square stages than at flowering and boll stages, but in 
1952 the flowering stage was about as susceptible as the square stage. 
Behrens et al. (1) reported that under unfavorable growing con- 
ditions herbicide treatments made during the early part of the 
growing season resulted in the greatest reduction in cotton yield 
while treatments applied later had a progressively less effect on cotton 
production. 

A number of workers (1, 5, 8) have shown that 2,4,5-T (2,4,5- 
trichlorophenoxyacetic acid) and Silvex | 2-(2,4,5—trichlorophenoxy) 
propionic acid] were less injurious to cotton than 2,4—D. According 
to their observations, the degree of injury may be related to varying 
environmental conditions. 

Mcllrath et al. (7) reported that under certain conditions the 
2,4—-D stimulus may be transferred to the cotton seed. 

During the years that the phenoxy herbicides have been used, 
numerous questions have arisen in relation to their toxicity to 

‘Associate Professor, Associate Professor, and Assistant Professor, respectively, 


Louisiana Agricultural Experiment Station, Baton Rouge, Louisiana. 
“Private communication, 1954. 
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cotton. These questions generally center around two main points: 
(1) At what stage of growth is cotton most sensitive (as measured by 
yield reduction) to phenoxy herbicides? (2) Is cotton equally sensitive 
to different members of the chlorinated phenoxyalkylcarboxylic 
acids? The experiments discussed in this paper were conducted in 
an attempt to gain information on the above questions. 


METHODS AND MATERIALS 


The experiments reported in this study were conducted during 
the summers of 1955, 1956, and 1957. In 1955, the test location was 
the Mathis Property and in 1956, 1957, the Essen Lane farm. Both 
locations are south of Baton Rouge, Louisiana, and the soil is 
Lintonia silt loam. 

In the 1955 experiments the plot size was | row by 50 feet and 
each treatment replicated three times. During 1956 and 1957 the 
plots were 2 rows by 65 feet, with three replications. In all years the 
plots were fertilized with 500 pounds per acre of 8-8-8. The cotton 
variety used was DPL-15. Insect control was practiced as necessary 
thro:ighout the season. 

The herbicides used in this study were the alkanolamine salt of 
2,4—D,* triethylamine salt of 2,4,5-T and alkanolamine salt of silvex. 
In 1955 the rates used were 0.0, 0.001, 0.01 and 0.1 Ib/A. During 
1956 and 1957 rates of 0.0, 0.0001, 0.001 and 0.01 Ib/A were used. 

The herbicides were applied to cotton at four stages of growth: 
cotyledonary, 8-10 leaf, Ist square and Ist boll. The herbicides were 
applied at dawn when the wind velocity was near zero so as to avoid 
drift of the herbicide to adjacent plots. Application was from tractor 
mounted pressure tanks operating at 30 psi. A separate tank was 
used for each different herbicide and the lower rate treatments were 
always applied first. A single nozzle centered over each row and 
delivering a volume of spray equivalent to 40 gal/A was used. 

The plots were hand harvested in 1955 and machine harvested in 
1956 and 1957. All yield data were converted to pounds of seed 
cotton per acre. 

RESULTS AND Discussion 

The rapidity with which phenoxy injury appeared in cotton was 
highly dependent upon the rate of growth of the plant. All of the 
compounds used in this study caused petiole curvatures on the 
younger leaves. This petiole curvature was short lived in the case 
of 2,4-D and 2,4,5-T; however, it persisted several days in silvex 
treated plants. None of the herbicides caused appreciable malforma- 
tion on leaves which were mature at the time of application. Figure 
1 shows a normal cotton plant on the upper left and a cotton plant 
treated with 0.0001 Ib/A 2,4—D on the upper right. Leaves emerging 
after treatment showed malformation. 2,4,5-T caused leaf malfor- 
mation very similar to 2,4-D; however, the quantity of herbicide 
required to cause the same degree of injury was much greater in 
the case of 2,4,5—T. Figure | shows a healthy plant on the lower left 


*The authors wish to thank Dr. A. J. Watson, The Dow Chemical Company, 
Greenville, Mississippi, for furnishing the chemicals used in these studies. 
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Figure 1. Upper left: Healthy plant. Upper right: 2,4—-D injured plant. Lower 
left: Healthy plant. Lower right: Silvex injured plant. 








Figure 2. Upper: Healthy cotton leaves. Lower: 2,4—D injured leaves. 
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and a plant treated with 0.01 Ib/A silvex 5 days previously on the 
lower right. Silvex did not cause leaf strap malformations, but it 
did reduce the overall height of the plant, and in some cases, released 
a number of axillary buds. Generally, silvex treated plants were 
more “bushy” than normal plants, whereas 2,4-D and 2,4,5-1 
treated plants might be called “scrawny.” 

The types of leaf malformation caused by 2,4—-D or 2,4,5—-T are 
shown in Figure 2. The lower set of leaves are injured and the uppe1 
set of leaves are from healthy plants and of a growth stage approxi 
mately that of the injured ones. In the lower right, the leaf shows 
maximum injury symptoms, whereas, the leaf on the lower left 
exhibits only minor marginal malformation. 





Figure 3. Upper: 2,4-D injured cotton squares 
Lower: Healthy cotton squares. 





Figure 4. Left: Healthy flower. Right: 2,4-D injured flower. 
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2,4—-D and 2,4,5-T also caused square (Figure 3, upper) and flower 
(Figure 4, right) malformations. In general, squares of flowers 
injured by the above herbicides are shed. 

Of course, the most important influence of the herbicide injury 
to cotton is on the yield. In Figure 5 it may be seen that an increase 
in the rate of any of these herbicides caused a decrease in yield. 
Che most injurious compound was 2,4—D, followed by 2,4, 5-T and 
silvex. Silvex appeared to be slightly less injurious than 2,4,5-T. If 
the average of the three years is considered, it appears that it 
required from 10 to 100 times more 2,4,5—T and silvex (in the range 
of rates employed) to cause the same degree of injury as a given rate 
of 2,4-D. At higher rates this minor selectivity disappeared. 
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CHEMICAL RATE (Pounds Active per Acre) 


Figure 5. Mean yield of cotton as affected by chemical and rate of application 
over all growth stages. 
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In Figure 6 it is also quite evident that as the amount of herbicide 
increased, the yield decreased. At the higher rates, treatments at the 
8-10 leaf stage generally reduced yields more than treatments at any 
other stage. The cotyledonary and Ist square stage appeared to be 
affected to about the same degree while the Ist boll stage was the 
least influenced. 
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COTTON STAGE AT TIME CHEMICAL WAS APPLIED 


Figure 6. Mean yield of cotton as affected by rate and growth stage 
over all chemicals. 


When the growth stage data are plotted versus chemicals over all 
rates (Figure 7) it becomes apparent that 2,4-D was more injurious 
at the 8-10 leaf stage than at an other stage of growth. The other 
two herbicides appear to have had the same influence on yields 
regardless of the stage of growth at application time. 
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COTTON STAGE AT TIME GHEMICAL WAS APPLIED 


Figure 7. Mean yield of cotton as affected by chemicals and growth stages 
over all rates. 


Statements have been made from time to time that 2,4—-D may be 
applied at low dosages in order to increase yields of cotton. In these 
studies there was only one instance where any rate of 2,4—-D was 
superior to the untreated check (0.0001 Ib. rate in 1956), and this 
increase was non-significant. Certain rates of the other herbicides 
apparently caused some yield increases, but they were not significant. 


CONCLUSIONS 


1. Both 2,4-D and 2,4,5-T caused leaf strap malformation; silvex 
did not. 

2. As the rates of phenoxy herbicides were increased the yield of 
cotton decreased. 
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At the rates tested 2,4—D caused the greatest yield reduction in 
cotton, and silvex caused the least. In general, from 10 to 100 
times more 2,4,5-T or silvex was required to cause the same 
amount of yield reduction as a given amount of 2,4—D. 

The 8-10 leaf stage of cotton growth was the most sensitive to 
2,4—D as measured by yield reductions. Silvex and 2,4,5—-T were 
rather nonspecific in yield reduction as far as stage of growth 
was concerned. 

Rates of 2,4—D as low as 0.0001 Ib/A did not stimulate the yield 
of cotton. 
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Substituted Urea Herbicides: Their Electrophoretic Be- 
havior and the Influence of Clay Colloid in Nutrient 
Solution on Their Phytotoxicity’ 


C. W. Coceins, Jr.2 and A. S$. Crarts* 


Drop in the substituted urea compounds for their herbicidal 
properties was precipitated by Bucha and Todd's (3) report that 

-(p-chloropheny!)—1,1—dimethylurea (monuron) was extremely phy- 
totoxic. Freed (6) reported that only asymmetrically substituted ureas 
are effective as herbicides. Substitution on the para position was 
reported to result in greatest activity followed by meta. An ortho 
substitution reduced activity to half or less than that of the compar- 
able para substitution. 

Wessels and Van Der Veen (16) reported that photosynthesis in 
monuron-sprayed plants was immediately inhibited and suggested 
that the herbicide is adsorbed to an active site which is essential for 
photosynthesis. They also studied the effects of a number of sub- 
stituted ureas on the Hill reaction and the results were compared 
to those obtained with phenylurethane. They concluded that replace- 
ment of the ethoxy group in phenylurethane by the dimethylamino 
group and the introduction of a chlorine atom, or a nitro or tri- 
fluromethy! group into the aromatic nucleus resulted in an enhanced 
inhibitory action on the Hill reaction. In contrast to Freed’s (6) 
report, substitution of a chlorine atom or a hydroxyl group in the 
meta position was reported to be more effective than a para sub- 
stitution. The compounds studied were assumed to be adsorbed to 
the active cyclopentanone ring of chlorophyll by way of hydrogen 
bonding. 

The toxicity of nitrophenylureas to Black Valentine beans (Phase- 
olus vulgaris) was reported by Anderson et al. (1) to be altered by 
changing the N-alkyl substitution. The dimethy] derivative was most 
phytotoxic. Lengthening the chain from one to two carbons or 
removing the alkyl groups reduced the activity. 

Moreland and Davis (12) studied the response of an amylase 
enzyme to five substituted ureas. Maximum inhibition of enzymatic 
activity was correlated with low water solubility. The authors sug- 
gested the possibility that several herbicide molec ules, grouped 
together to form particles of colloidal dimensions, are adsorbed on 
the enzyme in such a way that its structural configuration is altered 
and its activity consequently hindered. 

Sheets and Crafts (14) studied the toxicity of four substituted ureas 
to oats (Avena sativa) grown in soil or in nutrient solution. They 
concluded that a shift in the electron balance, caused by the electro- 
philic chlorine atom, has a profound effect on adsorption of the 
herbicide on soil colloids. N-alkyl substitutions were considered to 


'This paper is adapted from a Ph.D. thesis presented by the senior author to 
the Graduate Division, University of California, 1957. 

*Assistant Plant Physiologist, University of California, Riverside. 

*Professor of Botany and Botanist in the Experiment Station, University of 
California, Davis. 
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alter adsorption to soil colloids without changing the reactivity with 
cellular constituents. Substituents on the aromatic nucleus were con- 
sidered to be the parts of the molecules most directly involved in the 
reactivity of the compounds with cellular constituents. 

The amount of monuron adsorbed to twelve different soils was 
determined by Sherburne and Freed (15). Their results indicate 
that there is a very high degree of adsorption of monuron on organic 
matter and a significant amount on clay particles. According to 
Hill,* adsorption of monuron on soils was found to increase when 
either clay and/or organic matter increased. Hill also reported that 
much more monuron was adsorbed to a bentonite clay than to 
kaolinite. A number of workers, Loustalot, Muzik, and Cruzado (10), 
Day, Russell, and McCarty (5), Gangstad, Seale, and Joyner (7), 
Dallyn (4), Ries and Sweet (13), and Linder (9), have reported results 
of field and greenhouse experiments which indicate that adsorption 
of monuron to clay or organic matter occurs. 

The objectives of the biological investigation reported here were: 

(1) to determine the relative toxicity of five substituted ureas® to 
eaer: (2) to correlate phytotoxicity with structure; (3) to evaluate 
the influence of clay on phytotoxicity; and (4) to determine if clay- 
herbicide interactions exist. 

Paper electrophoretic studies were conducted (1) to determine the 
sign of the net charge on the substituted ureas dissolved in water, 
(2) to determine if movement could be related to adsorption of the 
substituted ureas to wet cellulose, and (3) to study the influence of 
pH on migration rate. 


MATERIALS AND METHODS 


Biological Studies. 

Barley (Hordeum vulgare variety Sacramento or Atlas 44) was 
seeded in steam-sterilized sand and was subirrigated with water. 
After 6 to 8 days, the sand was carefully washed from roots of the 
seedlings and the plants were selected for uniformity. For 2 to 3 
days prior to treatment, the roots were suspended in a nutrient 
solution similar to that reported by Hoagland and Arnon (8). Barley 
roots were then exposed to the treatment media for short intervals. 
At the end of the treatment the roots were rinsed and resuspended 
in the original nutrient medium. Forced aeration was found to be 
of no benefit to growth of barley under the conditions used and was 
therefore omitted in all the experiments reported here. 

Three to four replications were used in a randomized complete- 
block design with ten plants per treatment. Results from plants 
exposed to the various treatment media containing no herbicide were 
regarded as contro] data. 

In Experiment I barley was exposed for 20 hours to 0, 4.0, 8.0, o 
16.0 x 10-* molar solutions of monuron, 3—phenyl—1,1—dimethylurea 


‘Hill, G. D. Soil factors as related to herbicide action. Presented at Charter 
Meeting, Weed Society of America, January, 1956, New York, N. Y. 

‘Experimental samples supplied by E. I. duPont de Nemours & Co., Wilming 
ton 98, Delaware. 
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(fenuron), 3—(3,4—dichlorophenyl)-1,l1—dimethylurea (diuron), and 
3—(3,4—-dichloropheny!)—1—methylurea (M). Thirteen days after treat- 
ment the plants were harvested and fresh shoot weights recorded. 

A Wyoming bentonite clay® with a cation exchange capacity of 75 
milliequivalents per 100 grams of air-dry material was used in 
Experiment II and subsequent experiments. 

This experiment included 1—n—butyl—3-(3,4-dichlorophenyl)-—I- 
methylurea (neburon). Air-dry clay was used at the rate of 1 gram 
per 100 ml of solution. Clay was either omitted or added to nutrient 
solutions containing no herbicide or containing diuron, monuron, 
M, neburon, or fenuron at concentrations of 0.25, 0.50, 0.50, 1.00, or 
1.50 x 10 molar, respectively. One concentration for all herbicides 
could not be used since phytotoxicity varied considerably. Two sets 
of the nutrient-herbicide-clay mixtures were prepared with each 
herbicide. In one set the liquid was separated 18 hours after mixing 
by filtering through porcelain filters having a wall thickness of 14- 
inch and a maximum pore size of 1.4 microns radius. 

The treatment period was 48 hours. Seventeen days after treatment 
the plants were harvested and fresh weights of the shoots were 
recorded. 

In Experiment III clay was either absent or present at a con- 
centration of 14 per cent. Monuron, neburon, and fenuron were 
present at 0.5, 1.0, and 2.0 x 10° molar concentrations, respectively. 
Barley was exposed to the treatment media for 74 hours and fresh 
weights of shoots were recorded 22 days later. 

The same clay conditions as in Experiment III were used in 
Experiment IV. Diuron, M, monuron, neburon, and fenuron were 
present at concentrations of 0.25, 0.50, 0.50, 1.0, and 2.0 x 10-° molar, 
respectively. The treatment interval was 48 hours and plants were 
harvested 23 days after treatment. 


Electrophoretic Studies. 

A Spinco model R series B electrophoresis cell and a Spinco Duo- 
stat power supply were used in studying the electrophoretic behav- 
ior of five substituted ureas. Since corrosion of the metal rods 
occurred at high hydrogen ion concentrations, the rack was omitted. 
The test compounds were applied to l-inch strips of Whatman 
number 3 MM filter paper moistened with buffered solutions. The 
ends of each strip were connected to wicks consisting of three layers 
of Whatman number | filter paper that dipped into a buffer reser- 
voir containing a platinum electrode (2). 

The rates of migration of monuron, fenuron, diuron, M, and 
neburon were determined at the pH values indicated in Table 1. 
The same table lists the buffer-electroylte systems used. The com- 
pounds were applied to the strips at the top of the inverted “V.” 
Ten microliters of a 0.05 molar solution of each in 95 per cent 
ethanol was applied as a uniform streak across the width of the 
paper. 

‘Obtained from Industrial Minerals and Chemical Company, Sixth and Gilman 
Streets, Berkeley 10, California. 
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Table 1. Buffers used in the electrophoretic experiment. + 








pH (10° C.) Buffer components Amount /liter 
(stock solutions) 

2.0 | 1.0M glycine, 1.0M NaCl 2.65 ml 
2.08 M HCl 3.55 ml 
4.1 2.0M sodium acetate 5.0 ml 
3.5 M acetic acid 8.4 ml, 

| 
5.0 2.0M sodium acetate 5.0 ml 
| 3.5 M acetic acid 0.93 ml 
6.4 | 0.5 M NasHPO, 4.15 ml 
4.0M NaHePO, 0.93 ml 
7.4 0.5M NasHPO, 6.1 ml 
4.0M NaHePO, 0.13 ml 

| 
8.7 1.0M glycine, 1.0M NaCl 8.6 ml 
2.14 M NaOH 0.64 ml 
9.4 1.0M glycine, 1.0M NaCl 5.8 ml 
2.14 M NaOH 2.0 ml 
10.7 1.0M glycine, 1.0M NaCl 3.8 mi 
2.14 M NaOH 3.0 ml 


*Modified from Miller and Golder (11). 


A potential of 420 volts was applied for 6 hours. The cell was 
maintained at 8° to 10° C. during the period of migration and the 
buffer was 0.01 ionic strength. Following 6 hours of migration the 
papers were dried and the front was detected by use of a Photovolt 
model 52-C densitometer equipped with a mercury-arc lamp and a 
blue sensitive phototube. 


RESULTS AND Discussion 
Biological studies. 

Inherent phytotoxicity, as used here, refers to the toxicity of the 
substituted ureas to barley grown in nutrient solutions in the absence 
of clay. The results presented in Figures | through 4 indicate that 
the five substituted ureas may be arranged in the following order 
of decreasing phytotoxicity: diuron, M, monuron, neburon, and 
fenuron. 

From a consideration of the relative phytotoxicity and the struc- 
tural formulae, it appears that the introduction of one or two 
chlorine atoms enhances phytotoxicity. When the N-alkyl substi- 
tution was constant the dichloro compound was more phytotoxic 
than the monochloro compound. When the phytotoxicity of diuron 
and M was compared, it appeared that two methyl groups were 
necessary for maximum phytotoxicity to be expressed. The phyto- 
toxicity of the dichloro series was lowered even more by replace- 
ment of one of the methyl groups with a butyl group as found 
with neburon. 

Wessels and Van Der Veen (16) considered that inhibition of the 
Hill reaction with substituted ureas was related to hydrogen bond- 
ing potentials. They assumed that the compounds must be adsorbed 
to some cellular constituent for the phytotoxic action to be expressed. 
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Figure 1. Relative fresh weight of barley shoots 13 days after exposure of roots 
for 20 hours to four substituted ureas. 


It is possible that the differences in phytotoxicity of the five substi- 
tuted ureas used in the present study were determined in part by 
hydrogen bonding potentials. 

Clay at 1 per cent (Fig. 2) appeared to reduce the phytotoxicity 
of neburon but had little or no influence on the toxicity of the other 
compounds. Experiment II was repeated with essentially the same 
results. At a clay concentration of 14 per cent (Figs. 3 and 4) the 
phytotoxicity of all compounds tested was reduced by clay. The 
decreasing order of clay influence on phytotoxicity appeared to be 
M, diuron, neburon, monuron, and fenuron. 

The reduction in toxicity of neburon to barley in the presence 
of 1 per cent bentonite is probably due to adsorption of neburon to 
the clay. The differences in phytotoxicity between the filtrate and 
presence of clay during treatment is probably due to some of the 
neburon being desorbed as the plants adsorbed the herbicide from 
solution. In addition to desorption the plant may be subjected to 
some of the adsorbed herbicide by contact exchange when clay is 
present. 

When 14 per cent bentonite was used, neburon appeared to be 
influenced less than diuron and M. Since only the phytotoxicity of 
neburon was decreased by | per cent bentonite, the sum total of the 
evidence probably should be interpreted to mean that the influence 
of clay on phytotoxicity is more pronounced with neburon followed 
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Figure 2. Influence of 1 percent bentonite clay on the phytotoxicity of five sub 
stituted ureas to barley—Experiment II. Concentrations of the substituted 
ureas given in Table 1. 


by M, diuron, monuron, and fenuron. If adsorption of the substi- 
tuted ureas to wet cellulose is regulated by the same forces which 
regulate adsorption to clay, support for the above statement is found 
in paper electrophoretic experiments reported in this paper. 


Electrophoretic studies. 
Since the materials were applied in amounts which exceeded thei: 
solubility in water, they did not move as discrete bands but as streaks. 
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Figure 3. Influence of 14 percent bentonite clay on the phytotoxicity of three 
substituted ureas to barley—Experiment III. Monuron, neburon, and fenuron 
were present at 0.5, 1.0 and 2.0 x 10“ molar concentrations, respectively. 


For a considerable distance back of the front, the optical density 
was high (0.4—0.6) and rather constant until the front was approached 
closely. Near the front the optical density decreased very rapidly 
reaching an optical density of 0.1 in a distance of approximately 2 
mm. When an optical density of 0.1 was obtained, the paper was 
marked and the distance from the point of origin was measured. 
This was defined as the distance migrated. An optical density of 0.1 
was selected to be above the variability of the paper. Also a reading 
of approximately 0.1 would be obtained if the compounds were 
present on the paper at one-fourth the concentration of a saturated 





® 





















































356 WEEDs 

28 

244 

A = cloy absent 
P = cloy present 

204 
- 
€ 
o 
i 
S os 
So 
=z 
“ 
ro) 12 « 
= 
S 
ad 8 « 
x 
8 conirol fenuron monuron neburon divron a 
a 
re 

44 L.S.0. 

06 or 


















































=” = a P A Pp A Pp A P A P 


Figure 4. Influence of 14 percent bentonite clay on the phytotoxicity of five 
substituted ureas to barley—Experiment IV. Diuron, M, monuron, neburon, 
and fenuron were present at concentrations of 0.25, 0.50, 0.50, 1.0 and 2.0 x 10 
molar, respectively. 


water solution of the least soluble compound (neburon) tested. The 
distances which the compounds migrated toward the cathode at 
various pH levels are shown in Figure 5. 

Migration rates may be considered to be regulated largely by (1) 
size and shape of the molecules, (2) net charge on the migrant, and 
(3) degree of adsorption to paper. Molecular weights of the com- 
pounds are known but the relative net charge is an unknown factor. 
Evidence that different rates of movement may be largely controlled 
by differential adsorption was obtained by subjecting the compounds 
to a potential in a system containing 50 per cent methanol. Equal 
rates of migration occurred suggesting that methanol interfered with 
absorption of the substituted ureas on cellulose. 

Although size, net charge, and other factors should not be com- 
pletely discounted as differentially influencing the rates of migration 
of the substituted ureas in the water-buffer system, different degrees 
of adsorption of the herbicides to the paper is probably the most 
important factor to be considered. Within any one pH and across 
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Figure 5. Influence of pH on the movement of five substituted ureas in 
an electric field. 


the pH range used, neburon thus appears to be more strongly 
adsorbed followed by M, diuron, monuron, and fenuron. If the 
reduction in phytotoxicity caused by a bentonite clay is also due 
largely to adsorption, one can conclude that the substituted ureas 
are probably adsorbed to wet cellulose and to wet clay by similar 
mechanisms. 

For any one herbicide an increase in hydrogen ion concentration 
favored increased adsorption. Since the substituted ureas are basic 
by virtue of accepting hydrogen ions, the increased hydrogen ion 
concentration should lead to a larger percentag,. of the compounds 
possessing a net charge. If adsorption were not important in deter- 
mining the rate of migration, increased hydrogen ion concentration 
should result in faster movement of the compounds. 

From pH effects on migration one might conclude that pH should 
be one variable in soils which influences biological activity of the 
substituted ureas through its effect on adsorption. 


SUMMARY 


Five substituted ureas were found to have the following order of 
decreasing toxicity to barley when the compounds were exposed to 
barley roots in nutrient solution: diuron; M; monuron; neburon; 
and fenuron. Maximum phytotoxicity was associated with the pres- 
ence of two chlorine atoms in the aromatic nucleus and with two 
methyl groups on the number one nitrogen atom. Replacement of 
one of the methyl groups with a hydrogen atom or with a butyl 
group reduced the phytotoxicity. When the alkyl substitutions were 
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constant, the incorporation of one chlorine atom in the aromatic 
nucleus increased phytotoxicity; two increased it more. 


Clay reduced the toxicity of the substituted ureas to barley. 


Neburon was most strongly influenced followed by M, diuron, monu- 
ron, and fenuron. The differential influence of clay on phytotoxicity 
may be in part related to hydrogen bonding. 


The five substituted ureas were found by paper electrophoresis to 


possess a net plus charge in water solutions. The rate of migration of 
any one compound was found to increase with decreasing hydrogen 
ion concentration. Throughout the pH range used, fenuron was 
found to have the greatest rate of migration followed by monuron, 
diuron, M, and neburon. The rate of migration was considered to be 
influenced by adsorption of the herbicides to cellulose with the 
slowest rate of migration corresponding to the greatest degree of 


adsorption. 
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BRIEF PAPERS 


The Effect of Temperature and Light on Germination 
of Seed of Goosegrass, Eleusine indica’ 


J. R. Fucwiper and R. E. ENGEL? 


Pyper re. a widely distributed annual weed, creates difficult 
problems in heavily used turf areas. The seriousness of this 
weed problem, especially on golf course greens and tees, has sug- 
gested studies for its control. Very little research has been con- 
ducted in regard to this grass. Germination studies by Toole and 
Toole* showed that 0.2% potassium nitrate was superior to water 
when used to moisten the substratum. Their work also indicated 
exclusion of light had little effect on germination at alternating 
temperatures of 20°-30°C. The present study includes more com- 
plete temperature and light comparisons, and attempts to demon- 
strate light and temperature effects on seed germination. 


MATERIAL AND METHODS 
Goosegrass seed used in this experiment was harvested approxi- 
mately six months previous to the study and placed in cold dry 
storage. A 0.2% solution of potassium nitrate (NKO3) was used to 
moisten the substratum. Four plates of 100 seeds each were subjected 
to ten different temperature and light conditions (Table 1). The 


Table 7. Germination of seed of Eleusine indica with different temperature and 
light conditions, average of four tests of 100 seed each. 


Days from start of 


ermination test 20 20 
. 15°C. | 20°C, | 30°C. | 30°C, | 35°C. | 35°C. | 30°C. | 20 | 35°C. | _20 
tl DI DL | 30°C.) ‘DL | 35°C 
3 0 0 0 0 0 0 0 0 0 0 
r 0 0 9.8 0.5 0 0 0 0 25.5 8.5 
10 0 2.0 67.0 0.3 0 0.3 2.0 0.8 65.5 70.0 
14 0 0.5 14.3 0.5 0 0 4.5 4.3 0.8 14.0 
17 0 0 4.0 0 0 0 21.0 et 0 0 
1 0 0 0 0 0 0 0 0 0 0 
28 0 0 0 0 0 0 0 0 0 0 
33 0 0 0.5 0 0 0 6.5 6.8 0 0 
40 0 0 0 0 0 0 56.3 10.0 0 0 
57 0 0 0 0 0 0 1.0 1.3 0 0 
68 0 0 0 0 0 0 0 38.0 0.3 0 
Av. percent 0 2.5 95.6 1.3 0 0.3 91.3 62.7 92.1 92.5 
®DL = Alternating light and dark 


temperature and light conditions used include 15°C., 20°C., 30°C., 
35°C., 30°C.DL, 35°C.DL, 20-30°C., 20-35°C., 20-35°C.DL, and 


‘Paper of the Journal Series, New Jersey Agr. Exp. Sta., Rutgers—the State 
University, New Brunswick, New Jersey. 

*Formerly research assistant and associate research specialist, Farm Crops 
Department, Rutgers, respectively. Special acknowledgement is made to Mr. 
Robert Hess for his cooperation and use of the Federal Seed Laboratory facilities, 
where these studies were conducted. 

*Toole, E. H. and Toole, V. K. Germination of seed of goosegrass, Eleusine 
indica, Jour. Amer. Soc. Agron. 32:320-321. 1940. 
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20-35°C. A single numeral indicates a constant temperature; two 
numerals separated by a dash indicate an alternation of temperatures 
in which the test was held at the first temperature for approximately 
16 hours. The symbol DL indicates light was provided for the 16 
hour period. No symbol indicates the test was held in a dark germina- 
tor. The germinators used were so constructed as to maintain high 
humidity conditions and renewal of the moistening agent was not 
necessary. 

Counts of germinating seeds were made at intervals of three or 
four days for the first 14 days and at 7 days for the next 43 days. 
Only the seedlings which appeared healthy and normal were counted 
as germinated. 


RESULTS AND DISCUSSION 


Conditions of 20-30°C.DL, 20-35°C.DL, 20-35°C., and 30°C.DL 
gave very good germination. The percentage germination values 
obtained were grouped within the narrow range of 91 to 96 percent 
as shown by Table I. 

Treatments of 15°C. and 20°C. failed to produce appreciable 
germination. No germination occurred at a constant temperature of 
35°C. with or without light. 

Light was an important factor for good germination at 30°C. 
where maximum germination percentages were obtained with alter- 
nating light and dark. Germination with complete darkness was 
poor at the same temperature. Under conditions of continuous dark- 
ness, the only appreciable germination obtained was fair germination 
at 20-30°C., and good germination at 20-35°C. Germination was 
also delayed more at the 20—30C. temperature than at the 20—35°C. 
temperature. 

Since light was more important to 20-30°C. temperature than 
20-35°C. and germination tended to be more rapid at the 20—35°C. 
temperature, the optimum maximum germinating temperature 
appears to be somewhere between 30°C. and 35°C. Under conditions 
of alternating temperatures of 20—35°C. with and without light, the 
importance of light seems to be compensated by ideal temperatures. 

Goosegrass has been known to appear in startling abundance in 
turf areas where the grass cover has been destroyed suddenly. Im- 
proved germination of goosegrass with light and higher temperatures 
offers a theoretical explanation for such occurrences. 


SUMMARY AND CONCLUSIONS 


Goosegrass seed was harvested six months prior to germination 
tests and placed in cold dry storage. Replicated lots of the seed were 
placed on substratums that had been moistened with a 0.2% solu- 
tion of potassium nitrate and subjected to varied treatments of 
light, alternating temperatures, and low to high germinating tem- 
peratures. A summary of results and conclusions follow: 

1. Temperature and light conditions of 30°C.DL, 20-30°C.DL, 
20-35°C. and 20-35°C.DL, gave goosegrass germination of 90% or 


more. 
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2. Light was essential for good germination of goosegrass at the 
constant temperature of 30°C., and aided germination at the 20- 
30°C. condition. Light was less important at the higher tempera- 
tures of 20—35°C. 

3. The rapidity of germination was increased by the presence of 
light at alternating temperatures of 20—-30°C. and 20-35°C. 

4. Optimum germination of goosegrass was influenced by a com- 
bination of factors. Light, alternating temperatures, and compara- 
tively high germinating temperatures aid good germination. 








The Persistence of 4—(2—methyl—4—chlorophenoxy) butyric 
acid in Peas 


H. A. GLASTONBURY, MARGARET D. STEVENSON and R. W. E. BALL! 


7. possible use of the phenoxybutyric acids as selective herbi- 
cides in the pea crop has been recognized from the beginning of 
their development (3) and preliminary experiments with the more 
important compounds of this series carried out in 1954 indicated 
that 4~-(2—methyl—4—chlorophenoxy)butyric acid [4-(MCPB) showed 
the most promise (1). To date no results have been reported on the 
persistence of MCPB in peas; experiments were, therefore, under- 
taken to determine this under field conditions. 

Part of a crop of Onward peas at the 3 to 4 leaf stage was sprayed 
June 17, 1958 with a commercial formulation of the sodium salt of 
MCPB, using a small plot sprayer, at a rate of 2 Ib/A. A sample 
was cut immediately after spraying (Experiment A). Thirty minutes 
after spraying rain fell and continued to fall intermittently for a 
period of six hours. Another area of the same field was, therefore, 
sprayed at the same rate the next morning under ideal conditions 
(Experiment B). 

There was some distortion of the pea plants in both plots which 
became evident on the day after spraying. Recovery was good, how- 
ever, and apart from a slight yellowing of the foliage, growth was 
normal by the tenth day. By the fourteenth day the leaves had largely 
regained their normal colour. 

Samples, which were gathered immediately after spraying (zero 
time) and then at convenient intervals, were cut at ground level and 
consisted of four short lengths of row taken at random from the 
plots. The samples were placed in polythene bags, weighed, and 
taken to the laboratory within an hour of cutting. The samples 
were dried, extracted with sodium hydroxide, the proteins were 
precipitated with phosphotungstic acid and the free MCPB was 
isolated by solvent extraction and estimated by infra-red spectros- 
copy. Quantitative results were obtained from this non-quantita- 
tive procedure by isotope dilution analysis using MCPB labelled in 
the carboxyl group with C'™. The analytical method, which has a 
limiting sensitivity of 1 ppm calculated on the fresh weight of plant 
material, has been described in detail by Glastonbury and Steven- 
son (2). Growth dilution was corrected for, using a factor calculated 
from the weight of plant per unit length of row at the time of 
sampling. 

The results of these experiments are plotted in Fig. |, which shows 
the variation of MCPB content with time in each experiment. The 
daily rainfall in inches over the period is indicated in the figure. 
The maximum temperatures at Ongar, 5 miles from the plots, on 
June 17th and 18th were 83° and 65° F. respectively, the minimums 
54° and 40°. The average maximum for June 17 to July 2 inclusive 
was 71°, the average minimum 50°. 

‘Physical chemist, physical chemist, and agronomist, respectively, the Research 
Laboratories of Messrs. May & Baker Ltd., Dagenham, Essex, England. 
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Figure 1. The persistence of MCPB in peas. 


Ihe effect of rainfall immediately after spraying is shown by a 
comparison of the two experiments: in experiment A, where rain 
fell 30 minutes after spraying, the MCPB content decreased by 
about 80% over the first day while in experiment B, where no 
rain fell over the first 24 hours, the MCPB content remained con- 
stant over that period. Penetration, however, appears to have been 
fairly rapid and the half-life of retained chemical was of the order 
of 3 days and was not influenced by further rainfall. 
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Spectrofluorometric Determination of 
1:1’"—Ethylene-2:2’-Bipyridylium Dibromide (FB/2)' 


V. H. Freep and Rosert E. Hucues, ]R.* 


TS. herbicidal and desiccant properties of 1:1’—ethylene—2:2’— 


bipyridylium dibromide have been reported by Brian et al. (1). 
This substance appears to be a rapid acting translocated herbicide, 
effective on a wide range of plant species (1,2). 

In the course of investigations with this material, it became of 
interest to measure its concentration in solution in the ppm range. 
Brian et al. (1) had reported an absorption maximum of 308-311 mu 
for the compound and this fact with the obvious possibilities for 
resonance in the molecule suggested that it might fluoresce (3). 
Accordingly, the fluorescent behavior of a solution of FB/2 was 
examined in an Aminco-Bowman spectrofluorometer. It was found 
that a fluorescent maximum occurred at 342 mu with an activating 
wave length of 310 mu. The procedure was adapted to a method of 
quantitative estimation of FB/2 upon finding the fluorescent inten- 
sity varied linearly with concentration over the range of 0.1 to 6.0 
ug per ml. A plot of intensity versus concentration yielded a plot 
fitting the following equation: 

x 
y= + b 
(0.258 + .016) 
where y = concentration of FB.2 in ppm 
x = fluorescent intensity 
b = a constant 

The boundary conditions imposed in this experiment were such 
that b = 0 at y = 0. 

At higher concentrations (up to 20 ppm) spectrophotometric 
determination was found to be more satisfactory, measuring the 
absorbance at 310 mu. Still higher concentrations (up to 60 ppm) 
were most satisfactorily measured by treating a 5.0 ml portion of 
solution with 2.0 ml of 20% NaOH, diluting to 10 ml and measuring 
the color intensity at 420 mu. 
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1. Brian, R. C., Homer, J. F., and Srusss, J. A new herbicide; 1:1l’-ethylene 
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2. —————. Technical Data Sheet “FB.2 Experimental Herbicide.” Plant Pro 
tection Limited, Fernhurst Research Station, Surrey, England. 
3. West, W. “Fluorescence and Phosphorescence” Techniques of Organic Chem 


istry, Vol. IX. Interscience Publishers, Inc., New York. 1956. 


‘Contribution from the Agricultural Chemistry Department, Oregon Agri 
cultural Experiment Station, Corvallis, Oregon. 

*Agricultural Chemistry Department, Agricultural Experiment Station, Oregon 
State College, Corvallis, Oregon. 
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News and Notes 


P. A. Castelfranco was recently employed by the Department of 
Botany, University of California, where he will be in charge of 
research on the action and fate of herbicides in plants. He recently 
received the Ph.D. in agricultural biochemistry at Berkeley after 
having done his undergraduate work at the same institution. 

D. E. Bayer has been appointed as an extension weed specialist 
in the Department of Botany, University of California, Davis, where 
he will be associated with W. A. Harvey. Bayer recently completed 
work for the Ph.D. at the Department of Agronomy, University of 
Wisconsin, and was formerly associated with Oregon State College, 
Corvallis. 

Harold Kempen, who completed his undergraduate work at the 
University of Wisconsin, is now employed by the Department of 
Botany, University of California, with headquarters at the U — 
Cotton Field Station, Schafter, California. He is assisting J. I 
Miller (ARS) in a cooperative program of weed control in cotton. 

Neal E. Shafer recently resigned his position in weed research 
with the Department of Agronomy, University of Nebraska and is 
now employed by Cyanamid International Division of American 
Cyanamid Company. His headquarters is in New York. He is con- 
cerned with development of agricultural chemicals throughout the 
world. 

Clyde C. Dowler began work on the agronomic aspects of witch- 
weed control and eradication at the Border Belt Tobacco Research 
Station, Whiteville, North Carolina, on April 1. He is in the Plant 
Control Division, ARS, USDA. He received the Ph.D. degree in 
1958 at The Ohio State University. 
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Il. BorTany oF WEEDs 
A. Classification and Identification 
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2. Weeds in horticultural crops 
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Div. Reducing livestock losses from water hemlock poisoning in the 
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Suggestions for Contributors to WEEDS 


Manuscripts dealing with all of weed control, regulatory, educational 
and w gue scoxpeed Sor: pURMNE ie Wem. Bias should have 
more than purely local interest. The material described should be more con- 
clusive than progress reports. Articles must be original material 
unpublished elsewhere. Prior publication in brief abstract form is 
After review, each omy be for ee renee recom- 
mendation of the Editorial The has the opportunity to make 
revisions after the review is completed and before publication. Refer to « recent 
issue of WeEps to determine details of style to be used. 

Manuscripts. Two copies, one on bond , should be furnished for each 
manuscript, The entire text, incl the , footnotes and literature cited, 
should be double spaced. An additi copy of the manuscript should be retained 
by the author to ensure against loss. 

Use as short a title as practical. Following the title give the authors name(s). 
It is desirable to divide the man into sections with headings such as 
Methods and Materials, Results, Discussion, Summary, and Literature Cited. 
Avoid underscoring headings, words or phrases unless you wish them to be 
printed in italics. Do not use solid capitals for titles. 

Measurements such as time, weight and degrees should be in arabic numerals 
regardless of the number of digits in the number. Where the figure is not one 
of measurement, figures below 10 should be spelled out —_ when one figure 
in a series has two digits in which case all should be in arabic. 

All chemicals mentioned should be described fully the first time used. Nomen- 
clature, abbreviations and definitions should those presented in the 
Terminology Committee Report, WSA, published in Wexps 6:71-76, Jan., 1958. 

Footnotes. Use footnotes for items that cannot be included con- 
veniently in the text. The where the study was done and the address of 
the author(s) should be given as footnotes. Number foownotes to the text con- 
secutively throughout the manuscript with per arabic numerals. Designate 
footnotes to the tables with superscript lower case letters. 

Figures. Experimental data may be ted in graphic or tabular form. 
However, figures should not be used if merely illustrate material presented 
in the text or in tables. yo illustrations with approximately the same 
proportions as a printed page, 4*/, x 7 inches, or some fraction of a page. Photo- 
graphs should be clear glossy prints and should be wimmed unessential 


portions. Do not use clips on pty pe in any way. 

Graphs and drawings vita be inked with baivy Black lines to ensure clarity 
after reduction in size. Hand lettering should be large and made with a lettering 
guide. Typing is not acceptable. Place the author's name and figure number on 
the back of each one submitted. Type the legend for each figure on a separate 
sheet. Figures should be numbered consecutively in arabic numerals. 

Tables. Type each table on a separate sheet. Tables should be numbered 
consecutively in arabic numerals in order of reference in the text. In tables, the 
caption, column headings and side should be in lower case with only 
the first word and proper nouns 

Citations. Citations are numbered alphabetically by senior author and the 
number of the reference is used in the text. Citations should include names of 
all authors, complete title, volume number, inclusive pages, publication and 
year. Theses and letters, or any other communication not readily available in 
libraries, should appear as footnotes. 





